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PREFACE 


The present investigation has a twofold origin. Work 
in Connecticut initiated thirty years ago had indicated 
a very characteristic sequence in the chemical com- 
position of the sediment laid down in small lakes during 
postglacial time. Almost simultaneously studies at labo- 
ratories :of the Freshwater Biological Association on 
Windermere had brought to light comparable phenom- 
ena in Britain. Since 1n both regions it is not possible 
to separate external events due to glaciation from in- 
ternal events perhaps attributable to the maturation of 
the lake, it became desirable to find a basin that had 
not been greatly influenced by the accumulation of 
till in its neighborhood, in order to assess the signifi- 
cance of the pattern observed in Britain and eastern 
North America. It was further necessary that the lake 
be small enough to core easily and old enough to have 
had a respectable history. 

While this problem was being considered, I learned 
from Professor Frank Brown, then at Yale, later 
Director of the American Academy in Rome, that Mr. 
J. B. Ward-Perkins, C.B.E., Director of the British 
School at Rome, was interested in the possibility of 
pollen analytical studies in the Roman Campagna, the 
history of which had occupied his attention during the 
past years. 

These two interests seemed naturally to come together 
and it was decided to look for a lake which would throw 
light on both sets of problems. With the help of the 
late Professor Vittorio ТопоШ and Dr. Livia Tonolli 
Pirocchi, of the Istituto Italiano di Idrobiologia at 
Pallanza, a survey was made of the cartography and 
literature of all the small lakes of Latium. The informa- 
tion that became avaliable, particularly from De Ago- 
stini’s geographical studies, suggested that Lago di 
Monterosi would be a suitable object for the study. A 
preliminary examination of the basin was made in 1958 
in the company of Mr. Michael Ballance, then Assistant 
Director of the British School, Mrs. Anne Kahane, and 
Mrs. Betty Eastwood, all of whom provided important 
local information. The preliminary indication being 
favorable, Professor W. T. Edmondson of the Univer- 
sity of Washington, Seattle, Washington, who was in 
Italy ш 1959, and Dr. Enrico Bonatti of the University 
of Pisa, made two borings in the lake sediment, which 


are the basis of the present study. Later I revisited the 
basin ш May, 1961, to collect water samples and rock 
specimens; and Dr. Clyde E. Goulden again collected 
in the lake ш May, 1964. On both occasions we were 
much assisted by Signorina Luciana Valentini of the 
British School. Meanwhile Dr. Emilia Stella of the 
University of Rome, aware of our interest in the lake, 
started a study of its modern ecology. We are parti- 
cularly glad to have had Dr. Stella's collaboration in this 
study. During this period, arrangements also were made 
with a number of investigators who had interest in the 
locality or in what it might produce scientifically. The 
results of their labors are reported in the following 
pages. 

In addition to those already mentioned, to whom the 
thanks of everyone connected with the project are due, 
grateful acknowledgment is here made to the American 
Academy in Rome, for their welcome tolerance of an 
inexplicable visitor; to the British. School at Rome, 
not only for the essential cooperation already acknowl- 
edged but also for making available the magnificent 
collection of topographic works in its library, and to 
the Istituto Italiano di Idrobiologia, the Jerusalem of 
the limnological pilgrim, where among other pleasures 
the library was of immense value. Yale University, 
through the Seessel-Anonymous Funds, enabled Dr. 
Enrico Bonatti to work for a year in New Haven on the 
pollen stratigraphy of the lake sediments. 

Dr. Garth K. Voigt of the Yale School of Forestry 
and Mr. Donald K. McKay of the Section of Laboratory 
Medicine, Yale New Haven Hospital, enabled us to 
use apparatus not otherwise available. A large number 
of admirable drawings have been prepared by Mrs. 
Virginia Simon. Mr. Brian Berry has been most help- 
ful in preparing prints of photographs, some involving 
much technical skill. Mrs. Mary M. Poulson has been 
of immense value in a variety of ways during the final 
preparation of the manuscript. 

The entire project has been most generously sup- 
ported by the National Science Foundation, to which 
we offer our most sincere thanks. 


G. E. HUTCHINSON 


New Haven, Connecticut 
March 3, 1969 
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І. INTRODUCTORY ACCOUNT OF THE BASIN 


G. EVELYN HUTCHINSON 


Department of Biology, Yale University 


The Lago di Monterosi, or as it 15 first named in 
medieval documents, lacus Ianula,! lies in a small ex- 
plosion crater in latitude 42? 12'N, longitude 12? 18'E, 
at an altitude of 237 meters, on the northeastern side 
of the Sabatinian volcanic complex, the center of which 
15 occupied by Lago di Bracciano. The lake lies close to 
the modern Via Cassia, about one КИотеег north of 
the village of Monterosi, itself 40 kiiometers along the 
road from Rome, while Sutri lies a further 8 kilometers 
to the northwest. 

The lake 15 roughly circular in outline and lies in 
a small closed drainage basin (frontispiece; fig. I-1). 


lIt is impossible to avoid speculating on the significance of 
this name, which literally means "little gateway." Avernus in 
the Phlegrean Fields west of Naples was the site of Aeneas' 
descent into the infernal regions, and there, as well as in the 
crater of Nemi, grew the Golden Bough. Possibly other c'r- 
cular crater lakes were once regarded as gateways to a sub- 
terranean world. The name Ianula, however, is not known prior 
to А.р. 1081; Ward-Perkins (in litt.) feels that if it were 
really ancient, it would have survived in some literary context. 
The charming young ladies who guide the travelers on buses 
from Siena do indeed declare that Virgil extolled the fishing 
in Lago di Monterosi, but for this there is no other authority. 


A good bathymetric map has been published by Stella 
and Margaritora (19666). This map has contours spaced 
as evenly as possible, namely at 0.30 meter, 3.30 meters, 
4.30 meters, 4.80 meters, 5.30 meters, 5.60 meters, and 
5.90 meters, an arrangement that is very satisfactory 
for further morphometric studies; it has, therefore, been 
used as the basis for the derived morphometric data. of 
tabie 1. For purposes of exposition, however, it seems 
that the more conventional method of presenting con- 
tours at regular depth intervals gives a clearer idea of 
the shape of the basin, and accordingly the map has 
been redrawn in figure I-2. The original contours are 
easily accessible in Stella and Margaritora's paper 
(19666). 

stella and Margaritora's map refers to the highest 
levels observed in recent decades, corresponding to a 
maximum depth in winter of 5.9 meters. Edmondson 
and Bonatti in September, 1959, found that the central 
flat area had a depth of 5 meters, and at the time of my 
visit on May 26, 1961, the same maximum depth was 
found. It seems probable, therefore, that for much of 
the time at present the lake has a maximum depth of 
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Fic. I-1. View from air looking north over the lake. 


about 5 meters, and the derived data of table 1 are 
accordingly calculated for depths of both 5.9 and 5.0 
meters. On occasion in summer a further fall in level 
may give a maximum depth of 4.5 m. (see p. 17). The 
area of the drainage basin is the area within the broken 
line of figure I-Z, which is the best approximation that 
was possible from existing maps and photographs. 


TABLE 1 


MORPHOMETRIC DATA DERIVED FROM THE MAP OF 
STELLA AND MARGARITORA (19660) 


Maximum depth (Zm) 5.9 5.0 m 
Area (A) 27.1 X 10“ 24.0 X 104m? 
Volume (V) 1.02 X 10$ 0.79 x 109m? 
Mean depth (2) 3.76 3.30 m 
Area of drainage basin 

(excluding lake) 37.9 X 10“ 41.0 x 10? 


1————————————————————  ———— M — À—— 


The modern levels are artifically low, owing to the 
pumping of water from the lake for use in irrigation. 
'This is said locally to have begun in 1937. When De 
Agostini (1898) examined the lake in 1896—1897, its 
area was 320,000 square meters and its maximum depth 
8.2 meters. Assuming the accuracy of his data, these 
figures imply a slight littoral shelf which is now halt 
emersed (fig. I-3). At this time water ran out of the 
lake through an underground channel which led from 
the south shore into the Fosso Corigliano, presumably 
the Fosso della Palombara of modern maps. Bazzichelli 
(1955) noted that this subterranean channel is now 


closed, since the water no longer reaches it. Neither 
Ward-Perkins (personal communication) nor I have 
seen it, and its nature and probable date of construction, 
for it is presumably artificial, unfortunately remain 
unknown. As will appear later in the present volume, 
it is reasonably certain that during most or all of pre- 
Roman time, the level of the lake was lower than today. 
The outlet may have been made when, after some settle- 
ment in the basin, the lake level began to rise to шсоп- 
venient heights. In its natural condition water must 
have been lost not only by evaporation but especially by 
seepage; in spite of the closed nature of the basin, the 
biological evidence, particularly from the diatoms and 
chrysophycean cysts, completely precludes any extended 
period when electrolytes accumulated in large quantities 
in the water. Actually all the evidence points to а lower 
electrolyte content when the lake was in its early low- 
level condition. 

The lake is fed by several springs (local information) 
along its southern shore, the most important (fig. I-4) 
being one that 15 canalized and flows from the mouth 
of a stone animal head, presumably that of a lion, into 
a large stone cistern, from which the water overflows 
into the lake. Both these objects of uncertain date are 
doubtless being re-used in their present position. The 
fountain is called locally the Fontana di Papa Leone; 
this may be a pun on the name of a pope and the stone 
lion's head. The present arrangement possibly dates 
only from the nineteenth century; Pope Leo XIII 
reigned from 1878 to 1903. The water of the springs 
feeding the lake must drain through the thick layer 
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of ash and lapilli that constitutes the western part of 
the crater wall; the position of the springs may be 
determined by lava, though we have no certain evidence 
of this. It is reasonably certain from the data to be 
presented later, that the water entering the lake in 
pre-Roman times had not drained through the ash 
layers. The inception of the springs presumably ос- 
curred in Roman times. 

In its present state the lake exhibits little thermal 
stratification and on May 26, 1961, the Secchi disc 
transparency was greater than the depth of the lake. 

Geologically nearly the whole of the region is under- 
lain by ash, lapilli, and scoria, with decomposed volcanic 
bombs, all being unconsolidated and permeable. South 
of the lake basin, as elsewhere in the region, there is 
an elongate area of lava on which the northwestern part 
of the modern village stands. Small exposures of lava 
also occur within the basin; the approximate position 
of one that was studied is indicated in the map (fig. 1-2). 

This lava and the soil horizons above it constitute 
profile I of later discussions. Profile II (fig. VII-3) was 
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Fic. 1-2. Bathymetric map of Lago di Monterosi, based on 
that of Stella and Margaritora (1966), with the approxi- 
mate position of the boundary of the drainage basin, the 
remains of the ancient Via Cassia, and the main geological 
features. 
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Fic. 1-3. Generalized profile of the lake constructed by plotting 
area against depth. The dotted part of the curve is based 
on De Agostini’s morphometric data and suggests a littoral 
shelf under natural conditions. 


taken in the ash and the soil above it in a cut to the 
left of the beginning of the road leading to the south 
shore of the lake, just above the house at the end of 
the slight spur indicated by the 250-meter contour on 
the map. 

At the present time there is cultivation on the south 
and west sides of the lake (figs. I-5 and I-6, see also 
fig. IV-1), with a large olive grove to the west and 
vegetable gardens and peach trees to the south. The 
steeper slopes of the crater wall are, however, covered 
with bushes and small trees (fig. I-7). 'To the north and 
east of the lake most of the restricted drainage basin 15 
pasture. There are at least half a dozen houses, including 
a gasoline station on the modern road, within the basin 
on the eastern side (fig. I-8), and a large villa over- 
looking the western shore (fig. I-6). 

Several investigators have studied the biology of the 
lake in the past. Bazzichelli (1955, 1959) has given an 
account of the macroscopic vegetation. There is an 
infralittoral girdle of Phragmites communis (sub 


Arundo phragmites), Schoenoplectus lacustris (sub 
Scirpus lacuster) and Typha angustifolia. Penetrating 
the zone of this Phragmitetum on its lakeward edge 15 
a zone of floating-leaved plants, consisting of Ranun- 
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Fic. 1-4. Fontana di Papa Leone. 
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Fic. I-5. Southwestern shore and olive grove. 


culus peltatus and Nymphaea alba; the latter plant is 
most abundant along the northwest shore. The lowering 
of the water level has apparently reduced the number 
of water lilies in the lake; formerly there was a modest 
export of their flowers to the florists of Rome. Within 
this zone Nitellopsis obtusa, Potamogeton spp., and 
M yriophyllum spicatum occur. Bazzichelli (1955) gives 
P. perfoliatus and P. pectinatus as common, with P. 
crispus less frequent ; the last-named species alone occurs 
in the diagrams of Stella and Margaritora (196ба), 
one of which 1s reproduced (fig. I-9). The greater part 
of the central area of the lake 1s covered with Cerato- 
phyllum demersum. During the summer the vegetation 
throughout the lake becomes very dense. 

More recently excellent limnological work has been 
done by Stella and Margaritora (1965, 1966a, b) ; since 
these authors have most kindly provided a summary of 
their studies for the present volume, it would be in- 
vidious to repeat their conclusions here. Bonatti has 
published a preliminary account of the pollen sequence 
(Bonatti, 1961) and some animadversions thereon 





Fic. I-6. View of western part of lake with cultivated land 
from which composite soil sample was obtained in the fore- 
ground and the villa on the northwestern side in the 
background. 
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Fic. I-7. Southwestern margin of lake with fisherman. 


(Bonatti, 1966). Some reference to part of our work 
has been made in Cowgill and Hutchinson (1964), 
Ward-Perkins (1964), and Hutchinson (1969). 

A few final words are needed to set the lake in its 
archaeological and historical context, as an appreciable 
part of the studies in this volume bear on such matters. 
The region of the Roman Campagna in which Lago 
di Monterosi is situated, is singularly deficient in pre- 
Classical archaeological remains. Duncan (1958) notes 
surface finds of two flint blades from south of Sutri; 
these two objects appear to constitute the whole of the 
really well-established prehistory of the region. Remains 
of ancient pre-Etruscan settlements have been claimed 
to exist on the tops of various hills to the north and 
east of Lago di Bracciano; these include Monte Luc- 
chetti just south of Lago di Monterosi (Cozza and 
Pasqui, 1894). Duncan feels that such claims cannot 
be summarily dismissed, but Ward-Perkins (personal 
communication) is very skeptical. The certain history 
of the basin clearly begins in Roman times with the 
construction of the Via Cassia. Ward-Perkins and 
Mallett have contributed to the present volume impor- 
tant papers on this and subsequent historical events 
around the lake. 


со мо ба. о 





Fic. I-8. Eastern part of lake with modern Via Cassia, 
filling station, and recently built houses. 
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то. I-9. Diagram of complete zonation of marginal vege- 
tation along northern shore of lake (Stella and Mar- 
garitora). 


The original Roman road ran but a short distance 
southwest of the lake, following approximately the 
line taken by the nineteenth-century carriage road to 
Viterbo (frontispiece, see also fig. 1-2 and Ward- 
Perkins, 1964: pl. I). In the photograph this nine- 
teenth-century road, which is represented by broken 
lines in figure I-2, makes two right-angled bends south 
of the lake. From the northernmost of these, the ancient 
Via Cassia can be followed running west-by-south, 
joining the nineteenth-century road, then diverging 
south of the latter, and rejoining it very close to the mar- 
gin of the photograph. А dotlike object in the very acute 
angle of this junction represents the remains of a Roman 
mausoleum. It would seem likely that the ancient Via 
Cassia passed just outside the drainage basin of the 
lake itself. Any appreciable clearing of forest on the 
northeastern side of the road, however, must have ш- 
volved land from which drainage would be towards the 
lake. 

It has unfortunately not been possible to gain any 
direct information about vegetation and land use in 
the immediate past. In the hopes of eliciting information 
left by travelers or artists, many of whom must have 
passed the lake in the eighteenth and nineteenth centur- 


HUTCHINSON: INTRODUCTORY ACCOUNT 9 


ies, a query (Hutchinson, 1961) was published in Notes 
and Queries, but no replies were forthcoming. 
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lago de Monterosi." 


П. MONTEROSI IN THE ETRUSCAN AND ROMAN PERIODS 


J. B. WARD-PERKINS 
British School at Rome, Italy 


The history of Monterosi 15 indissolubly linked with 
that of the Via Cassia, the road which since the second 
century B.C. has linked Rome with central Etruria and 
eastern Tuscany. Before this road was laid out (prob- 
ably in 171 B.c.; see below) there were only two ways 
to reach the thickly populated areas of central Etruria. 
One was to follow the Via Clodia, which had been 
formally laid out in the previous century, around the 
west side of Lake Bracciano and up through the gap 
between the rugged Tolfa massif and the northern range 
of the Monti Sabatini. This is the line followed both by 
the modern road that strikes northwards from Bracciano 
through Oriolo and Barbarano and by the Rome- 
Bracciano-Viterbo railway. Although for part of its 
length, west and northwest of the lake, it passes through 
country that was still heavily forested in Roman times, 
there was certainly already a road here, linking the 
territories ої Caere and Tarquinia, when Rome first 
came into contact with the area in the fourth century 
в.с. The alternative was to follow the line of the ancient 
road that led through Veii and up the western edge of 
the Faliscan plain to Nepi, and then at Nepi to turn 
sharply westwards along the forest road that led past 
Sutri, through the Sutri gap and out into the open 
country a short distance east of Barbarano. The Sutri 
gap, the saddle of lower ground between the Monti 
Cimini and the northern slopes of the Monti Sabatini 
and the watershed between the Biedano (Marta) and 
the Treia basins, 1s the natural defile between southeast- 
ern and central Etruria; and until the building of a 
road across the top of the Monti Cimini in the fifteenth 
century, it offered the only feasible alternative to the 
longer and more difficult line followed by the Via 
Clodia. 

The principal feature that distinguished the landscape 
of this region in antiquity from that of today was the 
survival, well into the Roman period, of large tracts 
of primeval forest land. When the Romans first pene- 
trated the area early in the fourth century в.с., the 
Silva Ciminia was still a formidable military barrier 
and one which, as we learn from the pages of Livy, left 
a deep impression on the advancing Roman armies. 
Much of the early fighting turned on the possession of 
Sutri, which had been founded, probably not very 
long before, in order to control the forest road and 
which was, in Livy's trenchant phrase (6. 9. 4) velut 
claustra portaeque Etruriae, "the key and gateway to 
Etruria." The literary record does not, of course, in- 
dicate the extent of the forest. For that we are dependent 
upon the evidence that can be derived from the distri- 
bution of datable artifacts; notably the remains of 
domestic pottery. A detailed study of the area immedi- 
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ately around Sutri has illustrated very clearly the pene- 
tration and progressive clearance of the woodlands 
around the town, until in late antiquity there can have 
been very little of it left except on some of the more 
inaccessible heights. The chestnut woods which today 
cover much of the area are all post-classical and in a 
great many cases can be seen to cover the remains of 
the villas and farms of the Roman period. 

The early history of the area, as we know it from 
the literary sources, is briefly stated. Sutri and Nepi 
both fell into Roman hands as a result of the capture 
and destruction of Veii in 396 в.с., and within the next 
twenty-five years (there 1s disagreement over the exact 
dates) both became military colonies. In 310 в.с. Sutri 
underwent a siege at the hands of the Etruscans, оп 
which occasion the Roman general who raised the 
siege 1s reported as having chased the enemy into the 
forest beyond (Livy 9, 32-36); and a hundred years 
later it is recorded that Sutri and Nepi, wearied by 
the exactions of the Second Punic War, refused to 
supply their annual quota of troops and money and 
were heavily fined for their defection when Rome re- 
gained control a few years later (Livy 27.97; 29.15). 
Otherwise, the literary record is silent until the last 
years of the Republic when Sutri was briefly occupied 
by Agrippa during the civil war between Antony and 
Octavian (Appian, Bellum Civile 5, 31). Thereafter, 
the history of both cities seems to have been uneventful, 
the only subsequent references in the literary sources 
being in the geographers (Strabo rather surprisingly 
classes Sutri as one of the larger cities of Etruria; 
5.2.9) and in the Itineraries. For the history of the area 
during the later Republic and under the Empire we are 
dependent upon the evidence of inscriptions and of 
archaeology. 

By the beginning of the second century в.с. it is 
certain that considerable areas of forest had already 
been cleared, but nothing has yet been found to suggest 
that the country immediately around Monterosi was 
one of those areas. To judge from the known remains 
of early settlement, it seems very likely that, prior to 
the cutting of the Via Cassia, there had been little more 
than casual penetration, and that the effective westward 
limit of organized clearance was that of the Via Amer- 
ina. This road, which passes 2.5 kilometers to the east 
of the present village of Monterosi, followed a line that 
was clearly marked by nature, being delimited on the 
east by the almost impassible gorges of the central Ager 
Faliscus, and on the west by a stretch of level or gently 
roling ground which is almost devoid of ancient sites 
and which even today is noticeably less well drained 
than most of the rest of the countryside. A road (fig. 
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II-14) must have followed this line, at least as early 
as the sixth century B.c., linking Veii with Nepi and 
subsequently with Falerii Novi and southern Umbria, 
and for two centuries after the fall of Veii in 396 it 
was the principal link between Rome and the colonies 
of Nepi and Sutri. The Lago di Monterosi lay well to 
the west of this line and there is no evidence of any 
track having passed near it prior to the construction of 
the Via Cassia. The early routes across the Sutri gap 
all seem to have passed well to the north, a fact which 
no doubt does much to explain the early importance and 
prosperity of Nepi. 

The Via Cassia (fig. II-1B) was essentially a long- 
distance route, built to afford rapid transit to the 
strategically important areas of eastern Tuscany and 
the upper Arno Valley. Rome had been continuously 
and heavily engaged in this area throughout the third 
century B.C., culminating in the campaigns of the Second 
Punic War and the disastrous battle of Lake Trasimene 
(217 в.с.), and one might have expected this road to 
have been laid out as early as, if not earlier than, its 
neighbor the Via Flaminia, built in 220 в.с. to provide 
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a similarly direct strategic highway between Rome, 
Umbria, and the Adriatic. Etruria, however, unlike 
Umbria, already possessed a good local network of 
pre-Roman roads, so that the need was less urgent; 
and there is, in fact, substantial evidence to show that 
the Via Cassia was a relatively late comer. In the sector 
west of Sutri, for example, between it and the road- 
station of Vicus Matrini, the Via Cassia virtually dupli- 
cates, and is obviously later than, the more old-fashioned 
Via Clodia, the original Roman strategic road to central 
Etruria; and the stretch from Baccanae, 8 kilometers 
southeast of Monterosi, to Monterosi itself is an even 
more obvious duplication of the corresponding stretch 
of the far older Via Amerina. It 1s hardly credible that 
the Romans should have gone to the trouble and expense 
of paving the latter and bringing it up to date, as they 
did after the foundation of Falerii Novi in 241 в.с. if 
the Via Cassia had already been in existence. It would 
have been so much cheaper and easier to build a short 
new link road, running northeastwards across the level 
ground between Monterosi and a point 2-3 kilometers 
south of Nepi. Finally and conclusively, the official 
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name of the road can only be that of its builder, and the 
first member of the family of the Cassii to attain the 
requisite consular or praetorian rank was Lucius Cas- 
sius Longinus, consul in 171 в.с. Since this date is al- 
ready surprisingly late, there can be little doubt that he 
was, ш fact, the builder of the Via Cassia. 

From its geographical position, Monterosi must al- 
ready in Roman times have been the point of conver- 
gence of several trackways, from Nepi and the Via 
Amerina on the one hand and from Lake Bracciano 
on the other. There is, on the other hand, no reference 
in the Itineraries to any roadside community such as 
grew up along the main roads at all the more important 
junctions, nor is there any record of Roman finds from 
Monterosi itself. If there was any settlement here, it 
was certainly of no importance. The surviving remains 
are those of the farms and country estates which covered 
the greater part of the southern Faliscan plain. These 
were often of some considerable size. Whereas in the 
area around Sutri many of the original settlers occupied 
quite small farms, the holdings around Monterosi seem 
from the outset to have been substantially larger and 
in places interspersed with considerable tracts of wood- 
land. To judge from the almost total lack of Roman 
remains in the area immediately to the west and south, 
Monterosi lay on or near the edge of one such belt of 
woodland. Another lay several kilometers to the north, 
north of the old road from Nepi to Sutri, in the flat, 
rather ill-drained ground between the modern roads 
to Ronciglione and Fabrica di Roma. 

There were several wealthy farms a short distance 
to the east, served by the Via Amerina, along the sides 
of which the remains of their family mausolea are still 
a prominent feature. Once established, the Via Cassia 
also came to serve a number of similar estates. The 
larger and more prosperous of these lay some distance 
to the northwest, on the bluffs overlooking the modern 
road between the lake and Sutri. But there are the 
remains of several substantial farms and of at least one 
roadside mausoleum in the abandoned stretch southwest 
and west of the lake, two of them certainly established 
there in the second or first century B.c. Local rumor 
(which we have so far been unable to confirm or to 
disprove) maintains that the modern villa at the north- 
west corner of the lake is built on Roman foundations. 
The site is a plausible one, and the absence of Roman 
domestic rubbish means little; experience on similarly 
situated sites elsewhere (e.g. the well-attested Roman 
road-station at Baccanae, on the Via Cassia 8 kilometers 
to the southeast) shows that this could well have been 


[TRANS. AMER, PHIL. SOC. 


buried by later alluvium. In either case it is virtually 
certain that in Roman times the slopes overlooking the 
lake and the fields beyond them, lying as they did beside 
a busy main road within an area of prosperous agri- 
cultural estates, were cleared and cultivated. Whatever 
forest land may have survived lay beyond the road, on 
the hills to the southwest. 

About the later Roman period and the early Middle 
Ages we have very little detailed information. During 
the barbarian invasions the Via Cassia did not play 
as important an historical role as the Via Flaminia; 
but even so it must have been an uncomfortable neigh- 
borhood in such troubled times, and the discovery of 
pagan Lombard graves at Sutri shows that the strategic 
value of that city had once again made itself felt. In 
the open countryside, on the other hand, the Roman 
villas continued to operate, and probably continued to 
do so right down to the ninth and tenth centuries A.D. 
During the whole of this long period there seems to 
have been a steady tendency for the smaller holdings 
to disappear and for the larger holdings to grow even 
larger. We have no direct documentation about the 
district immediately adjoining Monterosi; but we do 
happen to be unusually well informed about an area 
only a short distance to the southeast, just beyond 
the Via Amerina. Here the territories of what later 
became the villages of Campagnano, Roncigliano (not to 
be confused with the better-known Ronciglione), Maz- 
zano, Calcata, and Faleria (the medieval Stabia) were 
all incorporated in the greater papal estate, the Domus- 
culta Capracorum, which was founded by Pope Hadrian 
I about A.D. 780 and which extended as far south as the 
outskirts of the ancient Ven. The products of this 
estate are listed in the Liber Pontificalis: barley, wheat, 
wine, olives, pigs (implying oak woodlands), and vege- 
tables. That these were the staple output of the whole 


Faliscan plain 15 а fair assumption. 
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The break in the pattern of rural life and settlement, 
which made fortified hill villages rather than the open 
agricultural estates of the classical period the centers 
of population, came in the late ninth and tenth cen- 
turies. Prior to this some degree of central authority 
had been maintained by the Church and by the Byzantine 
dukes. Both the energetic organization of Gregory the 
Great and the foundation of the various domuscultae 
bore witness to the determination of the popes up to 
the end of the eighth century to maintain control over 
the Roman Campagna and to preserve, as far as possible, 
the existing rural conditions. However, in the ninth 
and tenth centuries the popes found themselves con- 
fronted by the rising pretensions of the Roman nobility 
on the one hand and the emperors on the other. The 
authority which they had sought to exercise in the 
Campagna was gradually replaced by a form of feudal- 
ism, and at the same time the renewal of external pres- 
sures from Saracen and Hungarian invaders made these 
centuries the most confused and disturbed of the whole 
Middle Ages. The new feudal masters of the country- 
side built their strongholds on the most impregnable 
sites which they could find, and the frightened rural 
population, subjected to waves of foreign invaders and 
continual local skirmishes, gradually withdrew them- 
selves to the protection of these strongholds and offered 
their services to their owners. 

Nearly all the remaining hill settlements in 5. 
Etruria today seem to have owed their origin to this 
period. The first documentary reterence to Campagnano 
occurs in 1076, to Mazzano in 945, to Formello 1n 1037 
and to Calcata ш 974. But Monterosi did not appear as 
a substantial settlement until three centuries later; it 
was, in fact, to be an exception to the general pattern of 
medieval settlement in the area. Although the hill of 
Monte Rosi itself might seem to offer a suitable place 
of refuge for a small community, it must be remembered 
that there 1s no evidence of there being any such com- 
munity in classical or immediately post-classical times 
that might have taken advantage of the site. At the 
same time an isolated hilltop, close to the main artery 
of the Via Cassia, was not by any means the ideal refuge 
which it might seem. Nearly all the villages which 
originated at this time were situated well away from the 
main roads in unobtrusive yet easily defensible sites, 
usually on promontories surrounded on three sides by 
sheer cliffs. Monte Rosi, although a reasonably steep 
hill, is by no means unscalable, and at the same time 
its proximity to the road would have made it an obvious 
target for any marauding band on the march. The fact 
remains, therefore, that, although there are references 
to Monterosi (or Monterosoli as it was called) from 
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the eleventh century, it was only in 1225 that її was 
first referred to as a castle, or indeed as anything other 
than a hill. 

Before the thirteenth century it seems that the im- 
portance of the site lay not ш any settlement which 
existed there but in the lake of Monterosi, known in 
contemporary documents as lacus lanula. The first 
mention of the lake appears in 1081 ш a bull of Gregory 
VII confirming the possessions of the monastery of 
S.Paolo in Rome (Trifone, p. 281). The monastery 
had extensive possessions in the Ager Capenas including 
the castles of Leprignano, Клапо, Vaccariccia, Civitella 
S.Paolo, and Scorano, but Ianula was one of its few 
holdings in the area of Nepi. This is perhaps some in- 
dication of a certain local economic importance of the 
lake as a fishery. 

The hill of Monte Rosi and the lake were still held 
by the monks of S.Paolo at the beginning of the thir- 
teenth century, but one of the more important moments 
in their history occurred in 1155 when the historic 
meeting between Hadrian IV and Frederick Barbarossa 
took place on the shore of the lake. It was on this 
occasion that the brief alliance which had grown up 
between Pope and Emperor was almost shattered when 
Frederick refused to hold the Pope's stirrup while he 
dismounted (Muratori, 1: p. 117). 

A small spate of references to Mons Rosulus and 
Ianula ш the first two decades of the thirteenth century 
gives little indication. of any substantial settlement in 
the area. In 1203 Innocent III confirmed "Montem 
rosulum et lacum qui vocatur Ianula" to the monastery 
of S.Paolo (Bull. Cass. 1: p. 26), while in 1212 a bull 
of the same Pope referred to the fishing rights in the 
lake 1n connection with the grant of the monastery of 
S.Elia to S.Paolo (Bull. Cass. 2: p. 243). Tomassetti, 
following Galletti, misread Insula as Janula in this bull 
and as a result came to the conclusion that there was 
a fundus Гапща on the shore of the lake. A fundus nor- 
mally implied an estate of some size, and five years 
later a bull of Honorius III confirmed a part of the 
fishing rights and of the villa Гапща to the monastery 
of S.Tommaso in Formis. This apparent change in 
nomenclature from fundus to villa led Tomassetti to 
postulate a certain increase in population on the lake 
shore at this period. But as the first reference to fundus 
was a misreading, and as there was in fact a previous 
bull of 1209 which referred to a part of villa Гапща 
as belonging to S.Tommaso, and which Tomassetti 
missed, these documents, therefore, give no indication 
of any sudden expansion in the lakeside settlement in 
this period (S.Tommaso in Formis, р. 135). The title 
villa is too vague to enable one to form any accurate 
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idea of the size of the settlement involved, and in 1218 
the area was once more referred to as “montem rosulum 
et lacum qui vocatur Ianula" in a further confirmation 
by Honorius III in favor of the monks of S.Paolo 
(Tritone, p. 297). As the scribe in this case probably 
copied the wording of the previous confirmation without 
consideration of the implications of the expressions 
used, this reference tells us little apart from the con- 
tinued hold of the monks on the site. This group of 
early thirteenth-century documents, therefore, tells us 
of a lakeside settlement worthy of the title villa, and 
a considerable interest in the lake itself; but there is 
still no reference to a castle. 

It was in 1225 that the picture changed and we get 
the first reference to a castle of Monterosi. Frederick II 
issued a decree making Conrad of Metz legate in Italy 
“in castris prope Sutrium in pede montis Rosi" (Ann. 
Camal. 4: p. 413). Apart from the mention of a castle 
there are two significant points about this decree. In 
the first place, it 15 odd that the first reference to a 
castle on the site should place it at the foot of the hill. 
The remains. which exist today on the summit of the 
hill would indicate that the castle was, in fact, where 
one would expect it to be, and one is led to the con- 
clusion that Monterosi already in 1225 consisted of a 
castle and attached buildings on top of the hill, and a 
considerable suburb with some building worthy of 
housing an emperor at the foot, presumably on the Via 
Cassia. By the thirteenth century conditions were al- 
ready a good deal more settled in the Campagna and 
it need not surprise us that a settlement which grew 
up at this time should be in part in the open with a 
stronghold above, to which the inhabitants could retreat 
in times of danger. The other significant point about 
the wording of Frederick II's decree is the use of the 
title Montis Rosi and not the more usual Montis Rosoli. 
In fact, the latter was the name of the village up to the 
eighteenth century, and why this isolated decree should 
have anticipated the future name is not clear. 

The probability that substantial settlement on the 
site was very recent was reinforced in 1253 when the 
patrons and parishioners of the churches of S.Nicola 
and S.Maria in castrum Mons Rosulum petitioned 
Innocent IV for the installation of baptismal fonts in 
their churches. Prior to this they had had to go to Nepi, 
four miles away, for baptisms and other sacraments, and 
Innocent now authorized the Bishop of Nepi to provide 
the fonts (Innocent IV Registres 3, doc. 7037). This 
suggests the establishment of a recent and fairly con- 
siderable settlement which required two churches, 
neither of which had as yet acquired baptismal amenities. 

In 1294 Monterosi appeared once more in the records 
as a castle and as one of the boundaries of Stracciacappa 
to the south, and in the next year the church of S. Maria 
in the village paid 19 soldi as a part of its tenth 
(Rationes Decimarum, p. 407). 

The fourteenth century saw the appearance of the 
Orsini as feudal lords in the area, but it is probable 
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that the monks of S.Paolo maintained their inter- 
est until quite late in the century. Some importance 
has been given by historians to the fact that there was 
no reference to Monterosi in Charles IV's confirmation 
of the possessions of the monastery ш 1369 (Вий. Cass. 
2: p. 281). But this confirmation does not seem to have 
been a very detailed record of the estates of the monks, 
and one can probably not attach much significance to 
the omission of Monterosi. In 1370 a half share in the 
income from the castle was sold by Matteo di Angelo 
Malabranca, chancellor of Rome, to Cecco Luzi Caboti 
del Parione, and along with the castle is mentioned a 
suburb and surrounding estates. The other half of the 
holding is presumed by Tomassetti to have still be- 
longed to S.Paolo. 

By 1396 Monterosi was included among the pos- 
sessions of the late Giovanni Orsini, who had established 
himself in Nepi, which were put up for sale after his 
death by his widow Maria. But it was not until 1404 
that Monterosi was officially enfeuded to Poncello di 
Francesco Orsini by Gregory XII and at that time it 
was held to be under the direct sovereignty of the Pope. 
Previous to this, in 1402, the men of Monterosi had 
joined the revolt against Boniface IX led by Giacomo 
Orsini. 

The early years of the fifteenth century were the 
culmination of a long period of depression and anarchy 
in the Campagna. During the period of the Avignonese 
papacy and the Schism, central authority within the 
Papal State had been reduced to a minimum ; disorders 
were rife, and with the added effect of the Black Death, 
the population of the area fell sharply. As a result, the 
salt-tax records of 1416 described many of the villages 
in this area as “distructa et inhabita ad presens," among 
them Monterosi (Pardi, p. 349). To what extent this 
doleful description is to be taken literally 15 uncertain; 
it is known that some of the Campagna villages were 
abandoned once and for all about this time; others ге- 
covered quickly, partly owing to the energetic work of 
Martin V. The salt-tax assessment quoted for Monterosi 
in 1416 and ш the controversial salt-tax list published 
by Tomassetti indicates а population of about 250 at 
some period in the late fourteenth century. This had 
certainly dwindled considerably by 1416 and probably 
the castle itself had been partially destroyed, but it 
would seem to be an exaggeration to think of the 
village as entirely abandoned. 

In 1427 Monterosi was still described as "castrum 
inhabitatum Montis Rosuli cum roccha et fortillitio et 
tenimento ipsius castri" when it was sold along with 
other neighboring holdings by Rinaldo Corsini to 
Antonio Colonna (Lanciani, p. 420). The Colonna were 
forced to restore it to the Papacy in 1431, and a third 
part of Monterosi, Nepi and other surrounding pos- 
sessions were conceded by Eugenius IV to Orsino and 
Latino Orsini and Everso Anguillara as pawns for a 
loan of 10,000 florins. The probability that Monterosi 
was not, in fact, completely abandoned in this period 
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is reinforced by the fact that the inhabitants of the 
village were described as joining the revolt of the Duke 
of Anguillara against Nicholas V in 1448-1449. Their 
participation in the revolt cost them dear as in February, 
1449, the castle was once more sacked by Orso Orsini 
and the Papacy retook possession. The sack of Monte- 
rosi castle by Orsini has been described as "ultimo suo 
fatal destino," and thereafter Monterosi ceased to be 
a fortified center (Ranghiasci, p. 117). 

Between 1449 and 1466 the fortunes of Monterosi 
seem to have reached their lowest ebb. The inhabitants 
of Nepi were allowed to pasture their sheep on the lands 
of the deserted village, and the fishing rights of the 
lake were conceded annually to Nepesini (Diario Nepe- 
sino, р. 131). Finally, in 1466, Monterosi was bought 
by the Abbey of S.Anastasio ad Acquas Silvias, better 
known as Tre Fontane. At this time it was described 
as "castello diruto, piccolo borgo e territorio," which 
would indicate some small surviving settlement on the 
Cassia (Silvestrelli, 2: p. 564). 

From this time onwards Monterosi gradually re- 
covered and established itself both as a religious center 
and as a stopping place on the Via Cassia. Cardinal 
Bernardo Eroli founded a hospital and a church there 
in 1470, and in 1479 there were sufficient amenities 
avallable for the Cardinal to entertain Sixtus IV as 
his guest in the village. 

It was in the middle of the fifteenth century that 
Monterosi's position on the Via Cassia acquired added 
importance as a result of the opening of the so-called 
Via Cimina through Ronciglione to Viterbo as an al- 
ternative to the older and less direct road through 
Sutri and Vetralla. It is thought that the Prefects of 
Vico were responsible for the initial development (fig. 
II-1c) of this new route, and it was improved by Everso 
Anguillara when he was lord of Ronciglione ( Nispi- 
Landi, pp. 413-414). In 1458 the statutes of Sutri re- 
ferred to the depressed and depopulated state of the 
suburb of Sutri since the pilgrims traveling to and from 
Rome had taken to using the new road. The temporary 
solution to the problem was to allow prostitutes to 
settle in the decaying suburb, creating a sort of rural 
red-light district which was to survive for over 100 
years (Statuto Sutrino, rub. CCLVII). It was Michele 
Ghislieri (later Pius V), then Bishop of Мер! and 
Sutri, who finally put a stop to this arrangement and 
expelled the colony to a more unobtrusive hut settle- 
ment near Bassano di Sutri. Further evidence of the 
increasing popularity of the Ronciglione route at this 
time is provided by Niccolo della Tuccia, the Viterbese 
chronicler, who remarked in 1460 that “la strada di 
Roma per la via di Ronciglione tuttavia s'usava рег 
italiani e oltramontani che andavano a Roma" (Ciampi, 
pp. 263-264). With the appearance of the Farnese 
family in Ronciglione and Caprarola in the 1520's, the 
Via Cimina, (fig. II-12), which they improved still 
further, acquired even greater importance, and it was 
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to remain the principal road to Viterbo and Siena until 
at least the late ninteenth century (fig. IL-F). 

However, to return to Monterosi, through the six- 
teenth and seventeenth centuries the monks of Tre 
Fontane continued to develop the village, building the 
abbatial palace in 1690. Popes were entertained at 
fairly frequent intervals on their travels to and from 
Rome, and in 1649 the village enjoyed a brief moment 
of notoriety when it was at Ponte Mortale, on the Cassia 
to the south, that Cristoforo Giarda, Bishop of Castro, 
was murdered by henchmen of Duke Ranuccio Farnese. 
The bishop was buried in the church of SS. Vincenzo 
and Anastasio in Monterosi, and as a result of the out- 
rage all the Farnese possessions were confiscated by the 
Church and Castro itself was razed to the ground 
(Martinori, Cassia, p. 30). 

In 1788 Monterosi's importance as a road station was 
further increased by the opening of the road linking the 
Via Flaminia at Civita Castellana with the Via Cimina 
just north of Lake Monterosi (fig. II-1E). The new 
route served to cut out the last stretch of the Flaminia 
between Civita Castellana and Rome, which had deter- 
iorated considerably during the eighteenth century. At 
the same time, Monterosi became the papal post station 
instead of Civita Castellana, and during the nineteenth 
century it remained an almost obligatory stopping place 
for all travelers using the Cassia or the Flaminia. AI- 
though its three inns were generally decried as being 
unbelievably vile, they were usually preferred to those 
at Baccano, the next stopping place on the way to Rome, 
as the air of Monterosi was fractionally less unhealthy. 
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IV. PRESENT ECOLOGICAL CONDITIONS IN THE LAKE 


EMILIA STELLA and FIORENZA MARGARITORA 
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INTRODUCTION 


The biological study of Monterosi Lake (fig. IV-1) 
started in January, 1964. The present work deals with 
the conditions in the years 1964-1965 for а total of 19 
local surveys. 

The average depth seems to show some variation 
in recent years (cf. Bonatti, 1959; Cowgill and Hutch- 
inson, 1964). Measurements carried out during the 
winter gave a maximum depth of 6.20 meters, while 
during the summer the depth fell to 4.50 meters. The 
level depends mainly on the frequency of the rain; in- 
deed no considerable tributary stream exists and the 
only regular water supply is represented by the spring 
on the southern shore, the Fontana di Papa Leone. 
Moreover, water pumped from the lake is used to 
irrigate the fields nearby. Owing to the decreased 
depth, the aquatic vegetation during the summer tends 
to invade the lake thoroughly. 

The littoral vegetation (Bazzichelli, 1955) is formed 
by successive belts of emerged plants (Phragmites, 
Scirpus, Typha, Nymphaea) (fig. IV-2A4, B, C) and 
submerged ones (Ceratophyllum, Myriophyllum, Pota- 
mogeton, Nitellopsis). The reed swamp is interrupted 
at the two landing-places (fig. IV-2D, E) on the south- 
ern and the western shore, where the waters in spring 
and summer are almost completely invaded by Paspalum, 
Ranunculus, and Nymphaea. 

The bottom is free from vegetation in only a few 
places: in the northwest area towards the center of the 
lake, east and southwest of the reed swamp edge, and 
at the two landing-places. 

Granulometric analysis showed sediments formed 
mainly by calcium carbonate mixed with 35 per cent 
sand and covered by a layer rich in organic substance 
with animal and vegetable remains, shells, and detritus. 
The mud is odorless and does not show any putre- 
faction. 

The sediments collected on the bottom of the two 
landing places are formed by sands, mainly by a coarse 
sand and a small quantity of calcium carbonate (10-19 
per cent). 

During our surveys some physical-chemical deter- 
minations were carried out in the morning. The temper- 
atures, at different depths, were determined by means 
of a reversing thermometer, while the water transpar- 
ency was measured by a Secchi disc; the water samples 
for the chemical analyses (oxygen, dry residue, etc.) 
were collected with a Ruttner type water-bottle; the 


1 The study was afterwards carried out and the results of 
three years’ surveys are reported in Arch. Zool. Ital. 51 (1966) 
(Stella, Margaritora). 
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РН was measured with a potentiometer. Data are 
reported in table IV-1. The water always proved to 
be slightly alkaline, with a pH between 7.4 and 7.9. The 
lake shows a tendency to stratify thermally in summer 
and winter with two isothermal periods in spring and 
autumn marked by the complete circulation of the water. 
The annual temperature range was 22° centrigrade 
for the surface water and 26? centrigrade for the air. 

The water is transparent to the bottom; the Secchi 
disc in winter can be seen as deep as 5 meters, and at 
the maximum visibility limit it has а green-yellowish 
color. 

The oxygen, in the period January-May, 1965, al- 
ways recorded rather high values, with a tendency to 
an oversaturation even on the bottom. 

Plankton qualitative samplings were carried out with 
two kinds of nets; a nannoplankton net (Dr. Holl's 
model) with an opening 12 centimeters in diameter, 
and a mesoplankton net with an opening 25 centimeters 
in diameter and silk number 25. For the samples taken 
on a horizontal course we used a 'Standard-Pagan" 
net equipped with double-driven free-setting device and 
nylon gauze of 77 mesh. By means of a hand pump 
supplied with a vane, we collected the organisms of 
the submerged vegetation at different depths. The bot- 
tom sediments were collected by a Birge-Ekmann-type 
bottom sampler. 

Plankton was collected in both the central area of 
the lake and the littoral waters. The quantitative sam- 
ples were taken 1n the central area of the lake at three 
levels; on the surface, at depths of 2 and 4 meters, 
dragging the net along about 30 meters. The water 
volume filtered (area of the net opening by 30 meters) 
proved to be somewhat different according to both the 
quantity of the caught organisms and the water move- 
ment; we therefore adopted a filtration value of 13 
cubic meters for the 2-meter and 4-meter levels and ot 
6 cubic meters for the surface. 

When we determined the plankton volume of the 
filtered material at each level, we counted the organisms 
(considering sex and age, when necessary) and related 
them to 10 cubic centimeters. The density values for 
the single species are still under investigation and will 
be published later ; in the diagrams the zooplankton and 
phytoplankton monthly values are given as density per 
cubic meter. We do not think that the inevitable errors 
in the absolute numbers will affect the consistence of 
planktonic biocenoses during the year. 

The samples obtained with the pump were carried out 
at 2- and 4-meter depths containing a vegetation of 
Myriophyllum, Ceratophyllum, and Nitellopsis at about 
a hundred meters from the shore; for each sample we 
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filtered about 10 liters of water. It was thus possible to 
evaluate the density of the organisms in this area. 

The collection of animals among the littoral vegetation 
was carried out through an accurate washing of the 
emerged and submerged plants and the volume of the 
collected vegetation was taken into account. The organ- 
isms were 1solated and then counted, and their density 
in the sediments was volumetrically evaluated. 

The quantitative data on the benthic fauna, which 
are still under investigation, will be published later. 
As a result of this first period of research we describe 
the present biological facies of the lake, on the basis 
of the surveys we have been carrying out. 


PLANKTONIC BIOCOENOSIS 


Owing to its configuration, the lake has not any 
typical euplanktonic species; most of the zooplankton 
organisms may also be found among aquatic plants and 
near the bottom. 

The phytoplankton (whose composition and distri- 
bution Dr. Bazzichelli is studying) is featured by the 
presence of Chlorophyta (Volvocaceae, Desmidiaceae), 
Pyrrhophyta (Ceratiaceae), Cyanophyta. The prevail- 
ing forms in order of frequency are the following: 
Volvox aureus, Ceratium hirundinella, Botryococcus, 
Staurastrum, Desmidium, Ulothrix, Microcystis. 

In 1964 the phytoplankton showed a series of pulses 
with two main peaks; a more conspicuous one in spring 
and a secondary one in autumn. These two pulses are 
shown in figure IV-3 and refer to the phytoflagellate 
density (Ceratium, Volvox, Pleodorina) which were 
counted monthly. In winter, until the end of February, 
Volvox was the dominant species. In April, Ceratium 
appeared with a large amount of Botryococcus and 
Sphaerocystis. Ceratium reached its maximum peak in 
June, when it appeared associated with Desmidiaceae, 
which showed a remarkable decrease at the height of 
summer, and with Ulothrix, Chroococcus, and Oscilla- 
toria. In September the Desmidiaceae, represented by 
Arthrodesmus with Coelastrum, increased again, while 
Volvox reappeared. In October we observed a water 
bloom of Microcystis. 

In 1965 the most frequent associations reoccurred 
from January to May with a slight delay and a lower 
density due to the meteorological conditions and in par- 
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TABLE IV-1 
PHYSICAL AND CHEMICAL VALUES IN 1964—1965 
| О» сс/1 Temperature Centigrade 
Date pH Water 
Surface 
4 A 
layer m S Surface 3 50 
layet i dm 
28.4 1964 | 7.40 — — 22 16.9 16.9 17 
20.5 7.63 — — 21.5 20 — — 
30.6 7.90 — — 28 25 — 23.5 
15.9 7.60 — — 25 23 — 21.5 
23.10 7.40 — — 14 14 13.5 13 
23.11 7.40 — — 11 12 12 12 
4.1 1965 | 7.60 | 10.54 | 10.24 4 6 6.2 7 
28.1 7.60 9.54 | 12.18 8 7.5 — — 
18.2 7.65 — —. 2 2 3.2 3.1 
23.3 — 8.72 | 11.48 | 15.5 11 10.9 9.4 
27.4 7.75 6.62 6.33 | 14 13.4 13.6 13.5 
17.5 — 6.96 1.68 | 20 19.8 19.1 17.9 








ticular to the low temperatures for, at the end of Febru- 
ary, 1965, the lake was partially frozen. 

The zooplankton, whose species are listed in table 
IV-2, is represented by rotifers, cladocerans, and 
copepods. | 

RoTATORIA. The prevalent planktonic species follow 
one another with varying frequency throughout the vear. 

Keratella quadrata belongs to Carlin's quadrata form 
which is typical of ponds; the specimens show a con- 
siderable variability in the length of the posterior spines 
which starts to decrease in the spring and in October 
reaches a very low value. From May to September, 
1964, this species was present mainly in superficial 
strata and it appeared again with a few individuals at 
the end of January. Since up to now we have never 
found mictic females we think reproduction may be 
entirely parthenogenetic. 

Synchaeta реснпаю is a open-water species even И 
it spreads towards the shore; it was collected at all 
levels, even the deepest ones. It is mainly a winter 
species; males and mictic females were collected in 
January and February. 

Asplanchna priodonta appears in May in the open- 
water area even at lower levels and a few individuals 
remain throughout the summer; there is a second peak 
in September-October, when the mictic females appear. 


- 





Fic. IV-1. 


General view of Lago di Monterosi from the South. 
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Pedalia mira appears in April and lasts until October 
in the surface waters with two peaks in density, in 
April-May and September-October. 

Trichocerca birostris was found with high density 
values only in the samples collected in June-September 


together with another Trichocerca, perhaps T. rattus 
var. carinatus, which was less abundant. 

Polyarthra is represented by a population of small- 
sized specimens (max.: 90 и) bearing dorsal append- 
ages, which overlie the dorsal side of the body, and 





Fic. IV-2. Details of the littoral of Lago di Monterosi. A. The southern shore with reed swamp in autumn; В. The western shore 
in winter, vegetation dominated by Phragmites; C. The southwestern shore with emergent vegetation in summer; D. The 
landing place of the western shore in winter, in the period of high water; E. The landing place of the southern shore in 
summer; F. The western shore with reed swamp and Cladophora in summer. 
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"Екс. IV-3. Seasonal density of the dominant pelagic phyto- 
plankton and total zooplankton in 1964-1965. 


ventral appendages; they show a certain individual 
variability of size and, as regards the morphological 
characters observed so far, seem to belong to the vul- 
garis-dolichoptera group with a greater resemblance to 
P. vulgaris. 

Euchlanis dilatata so far has proved to be a perennial 
form among the vegetation of the littoral waters, with 
a relative maximum density in winter. 

Conochilus unicornis may only be found in spring, а 
period in which it produced a considerable water bloom. 

The following Rotatoria are represented by only a 
few individuals: Lepadella ovalis, Mytilina ventralis, 
var. brevispina, Testudinella patina, Lecane luna, L. 
closterocerca. T'estudinella patina is a perennial form in 
the lake and reaches a maximum density in winter, а 
period in which also Testudinella incisa may be found. 

From the observations carried out during this first 
year, most of the planktonic Rotatoria proved to be 
widely spread forms which are often found in pond- 
lakes and in ponds. Testudinella and Euchlanis show a 
tendency to be perennial forms, Synchaeta and As- 
planchna, on the contrary, are monocyclic or dicyclic. 

Cladocera are represented only by Дарйта rosea and 
Diaphanosoma brachiurum. 'The Daphnia, whose mor- 
phology and variability are under examination by Pro- 
fessor Cannicci (1957), would be included among the 
mesocephalic forms formerly referred to longispina by 
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TABLE IV-2 
THE PLANKTONIC SPECIES OF LAKE MONTEROSI 
AT THE VARIOUS LEVELS 


Species Depth 





Metazoa Surface 2 meters 4 meters 





ROTATORIA 
Synchaeta pectinata Ehrb. 
Polyarthra sp. 

Asplanchna priodonta Gosse 
Pedalia mira (Hudson) 
Testudinella patina (Hermann) 
Euchlanis dilatata Ehrb. 
Keratella quadrata (O. F. Müller) 
Lepadella ovalis (O. F. Müller) 
Mytilina ventralis var. 
brevispina Ehrb. 
Conochilus unicornis Rouss. 
Lecane luna. (O. F. Müller) 
L. closterocerca (Schmarda) 
Trichocerca birostris (Minkiw.) 
Trichocerca sp. 
CLADOCERA 
Daphnia rosea Sars 
+Diaphanosoma brachiurum 
Liéven + 
Alona affinis Leydig 
Acroperus harpae Baird 

COPEPODA 
Eudiaptomus vulgaris (Schmeil) + 
Macrocyclops albidus Jurine 

DIPTERA 
Chaoborus flavicans Meigen 
(larvae and pupae) 





++ + ++ 





++ + 
+ + ++ + + ++ + + 





+ +++ + ++++ + ++++ + + 


++ 





+ 
+ 


+Very rare. 


Berg. It is large-sized, with a low and large head, a 
short spine and a reticulated carapace and it is limited 
to the pelagic waters where it may generally be found 
between 2 and 4 meters. In 1964—1965 it has reproduced 
parthenogenetically throughout the year with an absolute 
maximum ш spring and density peaks which decreased 
at the end of the summer and in winter (fig. [У-4). In 
November males were also collected and some females 
with ephippia were observed. Diaphanosoma seems to 
have become very rare. A few parthenogenetic females 
were found in the samples collected at the end of the 
summer (September-October, 1964). Daphnia rosea 
is a frequent component of the heleoplankton and littoral 
plankton of large lakes; Diaphanosoma is a mainly 
eulimnetic form. In the open water typically littoral 
chidorids such as Alona affinis and Acroperus harpae 
are sometimes present. 

Copepoda are represented by Eudiaptomus vulgaris 
and Macrocyclops albidus. 

E. vulgaris belongs to the so-called “graciloides” 
forms and it is similar to both Eudiaptomus gracilis and 
graciloides. Its systematic position will be better estab- 
lished by the biometry of the population; for the time 
being it may be considered as an endemic form of vul- 
garis which 15 widely spread in the waters of Latium 
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and in volcanic lakes as well.? This diaptomid, although 
more frequently found in the central waters of the lake, 
also invades the littoral waters in swarms. Adults (the 
ratio between males and females is 1:3-1:5) and 
copepodid stage V are primarily distributed between 
2 and 4 meters, whereas the early larval states occur 
in the surface strata. The frequeney and the biological 
cycle are reported in figure IV-5, ш which one may 
notice that reproduction in 1964-1965 was uninter- 
rupted, with two maxima in intensity, the first one in 
April-May, the second one, less remarkable, in Sep- 
tember-October. The ovigerous females in spring were 
rather big (1.5 millimeters) with ovigerous sacs of 
25-40 eggs; the autumnal females, on the contrary, 
were smaller (1.2 millimeters) and carried a few eggs 
(4 to 8). 'The larger size of the adults in spring (males 
also show a seasonal variation, although less remark- 
able) and the greater amount of eggs produced, probably 
occur in periods in which a greater quantity of food 
is available. 

Macrocyclops albidus, a large-sized cyclopid (female: 
1.7 milimeters; male: 1.6 millimeters), has a rather 
scarce population with a similar percentage of males and 
females; it dwells mainly in the strata near the bottom. 
Reproduction was uninterrupted and reached two max- 
ima in spring and autumn; the ovigerous females carry 
big sacs with 40-50 eggs. Since copepodid stage V was 


—— parthenogenetic females 
мм Sexual females and males 


30 


2.5 


2.0 


1,000%/м? 


0.5 





IV М У У! 
1964 


Fic. IV-4. Seasonal density of Daphnia rosea Sars. 
2 Since going to press, Kiefer (Mem. Ist. ital. Idrobiol. 24 


[1968]: p. 46) has referred the Lago di Monterosi population 
to Eudiaptomus padanus etruscus (Losito). 
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nauplius stages 
— — copepodid stages 
—— adults 


1965 


Fic. ГУ-5. Seasonal density of Eudiaptomus vulgaris 
(Schmeil). 


found in winter on the bottom sediments, we assume 
that there is a resting period at this stage. 

Zooplankton as a whole presented variable seasonal 
densities, with a spring maximum and a less considerable 
autumn pulse (fig. IV-3). 


LITTORAL AND BENTHIC BIOCOENOSIS 


In table IV-3 we list the organisms we have found, 
indicating their distribution in the different habitats.? 


3 The authors wish to thank the specialists who kindly helped 
in the identification of difficult species: Dr. H. M. Fox (Ostra- 
coda), Dr. R. O. Brinkhurst, and Dr. D. Cook (Oligochaeta), 
Dr. К. О. Viets (Hydrachnellae). | 
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Species 


RHIZOPODA 
Vahlkampfia limax 
(Duj.) 
Centropyxis aculeata 
(Ehrb.) 
Difflugia oblonga Ehrb. 
D. acuminata Ehrb. 
D. corona Wallich | 
Arcella vulgaris Ehrb. 
4. discoides Ehrb. 
Arcella sp. 
CILIATA 
Halteria grandinella 
(O. F. Müller) 
Stentor sp. 
Prorodon sp. 
Paramectum sp. 
Oxytricha sp. 
Loxodes magnus Stokes | 
Spirostomum sp. 
Euplotes sp. 
Vorticella sp. 
Epist ylis sp. 
Dileptus sp. 
Colpoda sp. 
Frontonia sp. 
SUCTORIA 
+Sphaerophria sp. 
PORIFERA 
COELENTERATA 
Hydra attenuata Pallas 
TURBELLARIA 
Catenula lemnae 
(A. Dugés) 
Microstomum lineare 
(Müller) 
Typhloplana viridata 
(Abild.) 
Phaenocora sp. 
+ Rhynchomesostoma 
rostrata (Miiller) 
Mesostoma sp. 
Dugesia tigrina 
(Girard) 
NEMATODA 
NEMERTEA 
+ Prostoma rubrum 
(Leidy) 
GASTROTRICHA 
Chaetonotus sp. 
ROTATORIA 
Rotaria neptunia © 
(Ehrb.) 
Rotaria sp. 
+ Dassotrocha aculeata 
(Ehrb.) 
Philodina sp. 
Trichotria pocillum 
(O. F. Müller) 
-FPlatyias patulus 
(O. F. Müller) 
P. quadricornts (Ehrb.) 
Mytilina ventralis var. 
brevispina Ehrb. 
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TABLE IV-3 


LIST AND DISTRIBUTION OF THE LITTORAL AND BOTTOM ORGANISMS IN LAKE MONTEROSI 
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Species 


Euchlanis dilatata 
Ehrb. 

Squatinella sp. 

Lepadella ovalis 


(O. F. Müller) 
Lecane luna (О.Е. 
Müller) 


L. lunaris (Ehrb.) 
L. quadridentata 
(Ehrb.) 
Lecane spp. 
Cephalodella spp. 
Notommata copeus 
Ehrb. 
T'estudinella patina 
(Hermann) 
T. incisa (Ternetz) 
Collotheca sp. 
TARDIGRADA 
+ Macrobiotus dispar 
J. Murray 
BRYOZOA 
+ Paludicella sp. 
+Cristatella sp. 
OLIGOCHAETA 
A elosoma sp. 
Chaetogaster limnaei 
Von Baer 
Pristina sp. 
Dero digitata 
(О. Е. Müller) 
Tubifex tubifex 
(O. F. Müller) 
Euilyodrilus heuscheri 
(Bretscher) 
Bothrioneurum vejdov- 
skyanum Stolc 
Limnodrilus clapare- 
deanus Ratzel 
L. hoffmeisteri Clap. 
--Psammoryctes bar- 
batus (Grube) 
Enchytreidae 
Lumbriculus vartegatus 
(O. F. Müller) 
CLADOCERA 
Simocephalus vetulus 
(O. F. Müller) 
+ Пуостуріиѕ sordidus 
(Liéven) 
Eurycercus lamellatus 
(O. F. Müller) 
Acroperus harpae 
Baird 
Alona affinis Leydig 
+A. intermedia Sars 
Alonella excisa 
(Fischer) 
Chydorus sphaericus 
(О. Е. Müller) 
--Chydorus sp. 
OSTRACODA 
Cypridopsts vidua 
(O. F. Müller) 
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TABLE IV-3— (Continued) 


Vegeta- 
tion 


Bottom- 
mud 


Littoral 


water Sand 


Species 

Strandestia vinciguerrae | 

Masi | 
-FIlyocypris sp. 
COPEPODA 
Eudiaptomus vulgaris 
Schmeil 
Eucyclops speratus 
(Lilljeb.) 
+Ectocyclops phaleratus 
(Koch) 
+Paracyclops fimbriatus 
(Fischer) 
+Megacyclops viridis 
(Jurine) 

Canthocamptus staphy- 

linus Jurine 

Nitocra inuber 

(Schmank.) 
HYDRACHNELLAE 
H ydrodroma despicens 

(O. F. Müller) 
Limnesia undulata 

(O. F. Müller) 
Unionicola crassipes 

(O. F. Müller) 

Arrenurus (Megalura- 

carus) globator 

(O. F. Müller) 

+4. tricuspidator 

(O. F. Müller) 

А. denticulatus Motas 
+A. abbreviator Berlese 
+A. cuspidifer Piers. 
+Hydrochoreutes krameri | 

Piers. 

Frontipoda musculus 

(O. F. Müller) 
Porohalacaridae 

INSECTA 

A grton. coerulescens 

Fonsc. (larvae) 


+ + 
+ 
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Vegeta- 
tion 


Bottom- 
mud 


Littoral 


water Sand 


Species 
A.mercuriale castellani 
Roberts (larvae) 
Crocothemis erythraea 
(Brullé) (larvae) 
Platycnemis pennipes 
Pallas (larvae) 
Ischnura elegans У. а. 
Lind (larvae) 
. Calopteryx sp. (larvae) 
Libellula quadrimacu- 
lata L. (larvae) 
L. depressa L. (larvae) 
H ydropsyche sp. 
(larvae) 
Baetis sp. (larvae) 
Noterus clavicornis 
Deg. (adults) | 
Nymphula stratiotata 
(Grunberg) (larvae) 
Tanipus sp. (larvae) 
Bezzia sp. 
MOLLUSCA 
Bithynia leachii (Shepp.) 
Physa fontinalis (L.) 
Acroloxus lacustris (L.) 
Hippeutis complanatus 
(L.) 
Sphaerium lacustre 
Müller 
PISCES 
Cyprinus carpio L. 
Scardinius erythroph- 
thalmus (L.) 
Tinca tinca (L.) 
Micropterus salmoides 
(Lac.) 
Lipomis gibbosus (L.) 
Gambusia affinis L. 
Anguilla anguilla (L.) 
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In the littoral waters, about 30 meters from the shore, 
the planktonic net caught some marginal species of 
algae, protozoons, rotifers, cladocerans, and copepods 
and sometimes water mites, recording a rather monot- 
onous repetition along the lake perimeter. 

Among the rotifers, besides Testudinella patina, 
Euchlanis dilatata, Mytilina ventralis var. brevispina, 
Lecane luna, L. closterocerca, already mentioned among 
the pelagic plankton, we note some characteristic species 
such as Platvias patulus, P. quadricornis, very abundant 
in autumn, Lecane lunaris, and Lepadella ovalis which 
is a perennial species. 

Together with Eudiaptomus vulgaris and Macro- 
cyclops albidus which sometimes invade from the central 
area of the lake, Eucyclops speratus was collected 
throughout the year but more frequently during the 
summer and the autumn. It is a cyclopid typical of 
lowland waters rich in vegetation. Sporadically, by the 


landing place of the southern shore, where water flows 
into the lake, we found a few specimens of Ectocyclops 
phaleratus, Paracyclops fimbriatus, and Megacyclops 
viridis. 

Cladocerans are represented by different chydorids, 
mainly Alona affinis, Acroperus harpae, and Еитусет- 
cus lamellatus, among which both parthenogenetic fe- 
males may be found. One may also find Simocephalits 
vetu:us showing sexual reproduction in spring. 

In the littoral waters we also found some floating 
water mites; namely Hydrodoma despicens, a big red- 
colored species usually found along the southern shore 
in April-May and Frontipoda musculus, a laterally 
compressed species which may creep on the bottom. 

By washing the submerged plants we were able to 
collect the forms adhering to the filamentous algae and 
to the stems of the submerged vegetation and reeds. 
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The filamentous algae Oedogontum and Cladophora 
harbor a rich biocoenosis of microzoa: ciliates, most 
of them  Zalteria, Stentor, Prorodon, Paramecium, 
Oxytricha; flagellates: Peridinium, Euglena, Phacus; 
heliozoa. We often found rotifers such as Rotatoria 
neptunia, Notommata copeus, Trichotria pocillum and 
gastrotrichs (Chaetonotus). Chydorids are present, 
notably Alonella excisa and Chydorus sphaericus. Dur- 
ing the spring one may also find larvae and nymphs of 
water mites, Porohalacaridae, larvae of biting midges, 
small oligochaetes (Aelosoma and Chaetogaster), nema- 
todes. The ostracod Cypridopsis vidua was very abun- 
dant and exhibited exclusively parthenogenetic repro- 
duction. Ciliates (Vorticella), Spongillidae, Hydridae, 
rotifers (Collothecaceae), bryozoan colonies, snails of 
the genera Bythinia, Physa, and Acroloxus and the 
planarian Dugesia tigrina, eggs of snails and fishes, 
ephippia of cladocerans and statoblasts of Bryozoa ad- 
here to the stems and the leaves of the aquatic plants. 

Around the submerged plants there are rotifers, 
chydorids, littoral copepods, adult beetles and larvae 
of dragonflies and mayflies. The Hydracarina are present 
with five species of Arrenuridae. A. globator, which is 
the prevailing species, may also be found on muddy 
bottoms; it is a perennial species with an equal per- 
centage of males and females; the other Arrenuridae 
were found only sporadically. Some other water mites, 
typical of this habitat, and perennial, are Limnesia un- 
dulata and Unionicola crassipes. 

On the sandy mud by the shore, covered with vege- 
table wastes, the biocoenosis is characterized by rhab- 
doecoels (Catenula, Microstomum and Mesostoma), 
oligochaetes (Nats, Dero, Limnodrilus, Bothrioneurum ), 
ciliates (Loxodes, Spirostomum, Euplotes), and by 
Testacea. Among the larvae of Diptera, biting midges 
are abundant, Tanypus very scarce; seasonally cocoons 
of oligochaetes and planarians may be found. 

Harpacticoida are present with Canthocamptus sta- 
philinus in winter and mainly with Nitocra inuber, 
which is a perennial species ; Chydorids are present with 
Ilyocryptus sordidus, a species characteristic of the 
sandy bottoms where it hides; it may be found only 
near the landing place of the southern shore. 

The muddy bottoms below 4 meters harbor a fauna 
poor from both the qualitative and quantitative point of 
view. On the sediments we have found a few specimens 
of harpacticoids, ostracods, and water mites. The ostra- 
cod Strandesia vinciguerrae, which is a rare species, 
was represented by a population of a few females only 
and proved to be limited to the bottom. The juvenile 
stages may also be found among the littoral population. 
Also Nitocra inuber among the Harpacticidae and 
water mites of the genus Arrenurus were scarcely re- 
presented. 

Within the sediments, organisms were limited to a 
few oligochaetes, some larvae of Diptera, and a clam. 
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The tubificids Eudyodrilus heuscheri and Limnodrilus 
claparedeanus were the species, among the oligochaetes, 
which registered the highest density; however, on the 
average we counted at the most 40-50 specimens рег 
500 cubic centimeters of sediment. 

We found a very small number of midge larvae which 
we are identifying; the larvae of Chaoborus flavicans, 
which are transparent and colorless, were collected in 
winter and spring and a maximum frequency of 20 
specimens per 500 cubic centimeters of sediment was 
registered; in summer and autumn, at the emergence 
periods, the larvae and nymphs were collected on the 
surface waters only. 

The low density of this fly larva may probably be 
attributed to both the shallowness of the basin and the 
poorness of the benthic fauna on which such carniv- 
orous larvae can feed. Such a phenomenon was also 
observed in other lakes (Berg and Petersen, 1956). 

The most important fishes of the lake are carp, rudd, 
tench, eel, pumpkinseed sunfish, bass, and Gambusia. 
Stagnant waters rich in vegetation are a good habitat 
for these species. Adults graze on the low bottoms 
searching for food; the young are principally plankton- 
eaters. 

A fact of particular interest is the presence of eels 
which, according to the fishermen, have settled in the 
lake long since. 


CONCLUSIONS 


The observations carried out monthly from winter, 
1964, to spring, 1965, allow us to outline a tentative 
picture of the present characteristics of the populations. 

Since the basin has a pond-lake character, it gives 
rise to a quantitatively abundant zooplankton which 1s 
poor from the qualitative point of view as far as Ento- 
mostraca are concerned. The heleoplanktonic species 
prevail over the eulimnetic ones. 

The ecological situation is unstable and reveals re- 
markable temperature range, variations of the lake levels 
and chemical composition of the waters. However, owing 
to the lake's isolation, a rather good equilibrium 15 
kept in the lake between nutrient substances and phyto- 
plankton-zooplankton. 

The benthic biocoenosis shows a structure depending 
on both the nature of the substrata and the shallowness 
of the basin; the organisms of the vegetation and of 
the bottom sediments prevail, while those of gravelly 
and stony bottoms are lacking. 

The structure of the populations allows us to comment 
on the trophic condition of the lake. The phytoplankton 
presents a dominant association of Dinophycaeae, 
Chlorophyceae, Myxophycaeae, with water blooms of 
Microcystis in autumn, of Volvox in spring, and of 
Ceratium and filamentous algae in summer. Diatoms 
are scarce. 
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The zooplankton is represented Бу Daphnia rosea, 
Eudiaptomus vulgaris, Keratella quadrata, Asplanchna 
priodonta, Pedalia mira. 

On the bottom Chaoborus is present. 

The annual production of fish is considerable, almost 
half a quintal per hectare, and does not undergo any 
deterioration because fishing is private. 

Such data, according to recent classifications of pond 
typology (Wurtz, 1958), show a mesotrophic condition 
with a tendency towards eutrophy. The oxygen values 
so far detected would confirm such an assumption; it 
would be supported by a more careful test of both the 
physiochemical composition of the waters and the nature 
of the bottom sediments. These latter, in fact, are prob- 
ably the sole elements of stability in a pond-lake habitat 
such as that of Lago di Monterosi. 
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V. POLLEN SEQUENCE IN THE LAKE SEDIMENTS! 


ENRICO BONATTI 


Institute of Marine Science, University of Miami 


INTRODUCTION 


Only a short account of the geology of the area of 
the lake of Monterosi is included here, as various de- 
tails will be found in other papers of this series. Monter- 
osi is a small lake located in an old explosion crater of 
the Sabatinian volcanic center, east of the lake of 
Bracciano, about 40 kilometers north of Rome, at an 
altitude of 237 meters above sea level. The area of the 
lake has been estimated by G. E. Hutchinson at around 
0.25 square kilometer, and the area of the drainage 
basin at about 0.65 square kilometer. The maximum 
depth of the water in October, 1959, was around 5 
meters. Lithologically the basin consists mainly of tufa- 
ceous rocks, with occasional patches of a leucititic lava, 
apparently ги зии. 

The Sabatinian volcanic center is part of a system 
of volcanoes active in Central Italy in the Quaternary 
Age. The primary volcanic activity in this region reached 
its maximum in the Mindel-Riss and the Riss or, ac- 
cording to local terminology, in the Flaminian and 
Nomentanian periods (Blanc, Tongiorgi and Trevisan, 
1953; Blanc, 1957). The extinction of the main activity 
of the volcanoes of central Italy, even though not syn- 
chronous for the various centers, occurred before the 
beginning of the last Würm cold peak. The Albano 
volcanic center was the last one to give sign of any 
major eruptive activity; а СТА date on some organic 
matter synchronous with the last material ejected by 
this volcano gave an age of around 26,000 years (E. 
Tongiorgi, personal communication). This date can be 
considered as the latest possible for the age of the 
crater lakes of the Lazio region. 

The very small drainage basin of the lake and its 
lack of surface emissaries and immissaries make Monter- 
osi a relatively isolated system, with a limited number 
of variables influencing its sedimentation. The sediments 
of Monterosi, thus, seem to offer particulary favorable 
conditions for a study of both the chemical evolution 
of the lake and the geological and climatic events of 
the region in the late Pleistocene and Postglacial periods, 
assuming the lake was formed before Würm II and 
has had a continuous history since. 


1 Тыз work was carried out in the Department of Biology of 
Yale University during the academic year 1959-60, with the 
support of a grant from the National Science Foundation. 
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Two sediment cores were collected by W. T. Ed- 
mondson and the author with a Livingstone piston corer 
(Livingstone, 1955; Deevey, 1959) from the central 
zone of the lake a few dozen meters apart from each 
other. In both cases an impenetrable sandy layer, pre- 
sumably the bottom of the lake deposit, was encoun- 
tered under approximately three meters of brown clay 
rich in organic matter. There was no macroscopically 
apparent stratification in the cores, nor was there any 
unconformity or hiatus. This suggests continuity of 
deposition during the interval of time represented by 
the cores. Extensive work from varying points of view 
has been done on the two cores by a number of investi- 
gators coordinated by Professor G. E. Hutchinson. The 
present report deals with the palynological examination 
of the sediment samples. 


METHODS AND RESULTS 


One of the two cores (M-1) was sampled at close 
intervals for pollen analysis. To concentrate the pollen 
in the samples for microscopic observation the following 
procedure was adopted: (1) boil the sample for a few 
minutes ш 5 per cent NaOH solution, (2) wash in 
warm 10 per cent НСІ, (3) boil in 30 per cent HF for 
two minutes, (4) subject to acetolysis, according to the 
Erdtman method (Erdtman, 1943), (5) wash in Н,О 
and then in a slightly alkaline solution to allow staining 
of the pollen grains with saffranine. After each step 
the suspended material is recovered by centrifugation. 
The microscope slides are mounted in glycerine. 

Counting of the grains for computing the percentages 
of the different pollen species was stopped at each level 
only after at least 200 grains of arboreal plants were 
counted, except for samples of the bottom of the core 
where arboreal pollen is almost totally absent. Follow- 
ing the procedure of Faegri and Iversen (1950), Corylus 
and Salix pollen were included among the arboreal. The 
grains of non-arboreal species (NAP) were divided 
into aquatic and herbaceous, and the percentage of each 
herbaceous species was calculated from the sum of all 
the herbaceous species only, unless otherwise stated. 
Determination of the pollen grains was generally not 
carried further than the genus. Among the grains of 
Quercus one type of pollen appeared to be quite distinct 
from the others of the same genus, namely of a slightly 
larger size (28-30 м) and with larger furrows. These 
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grains were interpreted as belonging to Quercus petraea, 
and were counted separately from the other oak pollen. 

The results of the analyses are given in table V-1, and 
some of them have been plotted in diagrams, as in 
figure V-1. Photographs of pollen grains of Artemisia 
are given in figure V-2. 
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Pollen diagrams for core 1. 


DISCUSSION 


A series of C 14 dates was obtained from the Monter- 
osi cores by the Geochronology Laboratory of Yale 
University ; some of them from core M-1 are as follows 


(Stuiver and Deevey, 1961, 1962) : 
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Depth in core Age 


984 + 72 В.Р. 
1003 + 76 B.P. 
1349 + 75 B.P. 
1573 = 77 В.Р. 
3037 + 70 B.P. 

10,920 + 210 в.р. 
17,040 + 350 B.P. 
24,460 + 1300 в.р. 


58-73 centimeters 

73-88 centimeters 
108-125 centimeters 
128-148 centimeters 
157-172 centimeters 
192-207 centimeters 
212-227 centimeters 
244—248 centimeters 


These figures validate the assumption of a continuous 
history of the lake since before the last glacial peak. 
It 15 also clear that the assumption of a relatively con- 
stant rate of sedimentation in the lake of Monterosi is 
not valid; therefore, previous hypothetical interpreta- 
tions of the pollen diagrams based on that assumption 
(Bonatti, 1961) have to be partially discarded. 

The sedimentation rate for the bottom meter of the 
core appears to have been very low, on the average about 
half а centimeter per hundred years. Such slowness of 
deposition does not allow detection of fine details in 
the older portion of the sequence. 

In the lower section of the diagrams the almost total 
absence of arboreal pollen and the dominance of Ar- 
temisia among the NAP suggest that a dry-steppe en- 
vironment was prevalent in the region. The presence of 
Pinus grains in this section may be explained by the 
well-known ability of pine pollen to travel great dis- 
tances, while the few scattered findings of Betula and 
Salix fit a steppe-type assemblage. 

This Artemisia-steppe period extends from at least 
25,000 в.р. (base of the diagram) to about 16,000- 
15,000 в.Р., thus covering most of the last glacial period, 
whose maximum is generally placed at 18,000-20,000 
B.P. There is no evidence of forestation in the Monter- 
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e. 
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osi area during this period when the climate appears to 
have been cold-arid. 

Blanc (1957) gives the following picture of the 
Wiürm in Latium (central Italy) : 


1) A first stage of cool wet (oceanic) climate, documented 
by a peat level with 100 per cent Abies pollen in a strati- 
graphic section from the. Pontine Marshes, south of 
Rome (Tongiorgi, 1936). This level has been Ст“ 
dated as older than 55,000 в.Р., and using the local termi- 
nology it belongs to the “Pontinian I,” corresponding to 
Wirm I of the Alps. At this stage Latium was in- 
habited by Neanderthal man. 

2) А second stage, of cold dry (continental) climate, 
which caused the disappearance of Neanderthal man 
and of the warm fauna (Elephas antiquus, Hippopota- 
mus, Rhinoceros тетки) which had survived the first 
cold phase. The Neanderthal man was succeeded by 
Homo sapiens of the Upper Paleolithic, and the warm 
fauna by a cold steppe fauna, with Elephas primigenius, 
Capra ibex, Equus hydruntinus. This stage belongs to 
the Pontinian II-III, corresponding to Würm II-III 
of the Alps. 


It seems reasonable to place the cold steppe period 
documented by the Monterosi diagrams in this second 
stage of the Wurm in Latium. Guillien (1962), sum- 
marizing palynologic, geologic, and archaeologic studies 
of the European Late Quaternary, concludes that the 
aridity of the Wurm II climate in Central Europe (with 
loess formations in Germany and Eastern Europe, cold 
steppe flora and fauna in France, etc.) may well have 
extended also to the Mediterranean regions. The 
Monterosi diagram as well as some pollen sequences 
from northeast Italy (Lona, 1960) indicates that the 
steppe environment may have been quite extended in 
Italy and cold-arid conditions quite common south of 
the Alps (Bonatti, 1966). Such a concept contrasts 
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Fic. V-2. Polar and lateral view of Artemisia pollen from the bottom of core 1. 
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with the assumption of a wet (pluvial) climate in the 
Mediterranean during glacial maxima (Zeuner, 1959) 
owing to intense humid westerly winds deriving from 
North Atlantic areas. 

The frequencies of pollen and spores of aquatic 
plants. in this lower section of the sediments indicate that 
the water level of the lake was very much lowered during 
most of the late glacial period, overlapping and follow- 
ing the Artemisia period. It 15 difficult to detect the 
details of these events owing to the low sedimentation 
rate; however, the curves for total aquatic pollen and 
for Nymphaeaceae, Myriophyllum, Potamogeton, and 
Sphagnum suggest a number of oscillations in the level 
of the lake, which at some stages must have lost much 
of its water. There is also evidence of this partial 
desiccation of Monterosi from other data, namely from 
the diatom stratigraphy of the sediments (p. 114). 
The aridity which apparently prevailed in the region 
for most of the last Glacial probably was one of the 
main causes of the reduction of the water level. 

The Artemisia steppe evolved into a grassland in- 
dicated by the dominance of Gramineae pollen sometime 
in the late Glacial, not earlier than 16,000-15,000 B.P., 
suggesting that the climate was gradually becoming 
less arid. Subsequently, we have the appearance of 
Corylus as a precursor of forestation, which must have 
taken place between 12,000 and 10,000 в.Р., that is, 
around the Allerød stage of Northern Europe. This 
primitive forest already shows an abundance of Quercus, 
while Abies is also present in significant amounts, 
probably owing to the still relatively cool climate which 
prevailed in the area at the end of the Tardiglacial and 
beginning of the Postglacial. 

Only the major events of the Postglacial are recorded 
by the Monterosi diagrams. A Quercus forest was 
dominant throughout. The presence of Quercus petraea 
is significant, because such a species is favored by a 
cooler climate than other more common Italian oaks. 
It 1s at present widespread in Central Europe, and is 
found also in the pre-Alpine regions of Northern Italy 
as well as in the Appennines up to about 1,000 meters 
above sea level. Anzalone (1961) reports it also from 
the volcanic hills of Latium at relatively low altitudes. 
Quercus petraea must have been much more common 
in Central Italy in periods of cooler climate around 
glacial maxima. In fact this oak was common at sea 
level on the coastal plains south of Rome during the 
Wurm I as documented by some deposits from the 
Pontine Marshes (Blanc et al., 1957). 

More detailed information on the Postglacial events 
of the region is drawn from pollen diagrams of the 
sediments of the Baccano basin, an ancient crater lake 
artificially drained by the Romans, located nearly 20 
kilometers south of Monterosi (Bonatti, 1963). A few 
data from these diagrams are reported in figure V-3. 
The Baccano sequence goes from approximately 9,000- 
10,000 to 2,000 в.р. An oak forest is dominant during 
most of the profile. Traces of Abies are present in the 
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Fic. V-3. Some pollen data and а С! date from the sedi- 
ments of Baccano, a volcanic lake artificially drained by the 
Romans approximately 2,000 years ago (after Bonatti, 
1963). 


lower portion, up to the “Climatic Optimum.” Fagus 
and Quercus petraea disappear before a maximum of 
Pinus, probably the result of a “continental” climatic 
oscillation related to the "Sub-boreal" of Northern 
Europe. Such a peak of pine may be the same one de- 
tectable in the Monterosi profile at a depth of 158 
centimeters. 

A drastic and sudden increase of the sedimentation 
rate in the lake took place approximately 2,200 в.р. 
(Stuiver and Deevey, 1962), corresponding to a depth 
of about 150 centimeters in the core M-I. Sharp maxima 
in the carbon and nitrogen content of the sediment were 
detected at this level (Cowgill and Hutchinson, 1964). 
Al these changes are attributed to the settlement of 
the Romans in the Monterosi area, probably in con- 
nection with their cutting a major road (Via Cassia) 
alongside the lake. The palynology of Monterosi cores 
gives no evidence of the existence of human settlements 
preceding the one just mentioned. 

The episode in question is clearly reflected in the 
pollen spectra, which show some significant changes. 
The total percentage of pollen and spores of aquatic 
plants decreases sharply and also their assemblage 
changes suddenly, Myriophyllum becoming again dom- 
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inant. These findings suggest that, whatever the Romans 
did within the drainage basin of the lake, it caused a 
considerable increase in its water level. The change at 
this time of the chemical character of the water (Cowgill 
and Hutchinson, 1964) may perhaps also indicate that 
a new source of water became available artificially as 
a result of Roman activity. 

Following these changes in the lake's sedimentation 
is the appearance of high percentages of Urtica grains 
among the NAP. Urtica grows favorably on disturbed 
sites rich in nitrogen and its sudden appearance 15 most 
likely to be linked with human activities and possibly 
grazing. Further up in the sequence a sudden increase 
in the frequency of Plantago takes place about 60 cen- 
timeters deep in the core. It has been shown (Iversen, 
1949) that Plantago lanceolata and Plantago major 
often appear in pollen diagrams in relation to early 
human settlements and the establishment of primitive 
agriculture. In our context, the rise of Plantago may 
signify resettlement and establishment of agriculture 
in the Monterosi area in the Middle Ages, after a period 
of relative depopulation after late Roman times. It is 
significant in this regard that the rise of Plantago is 
closely followed by a maximum in the frequency of 
large (> 40 и) grains of Gramineae, belonging mainly 
to cultivated species, while the ratio of herbaceous 
versus arboreal pollen also increases. The nitrogen 
content of the sediment also shows a sharp maximum 
at this level (Cowgill and Hutchinson, p. 95). The 
top few centimeters of the cores indicate a second maxi- 
mum of cultivated Gramineae to be linked with recent 
agriculture. This series of events seems to be in good 
agreement with historical documents available for north- 
ern Latium as discussed in Mallett's contribution (see 
pp. 13-15). 

Cores from other volcanic basins of Central Italy 
where the sedimentation rate was possibly higher than 
in Monterosi may reveal details of a stratigraphic se- 
quence which was only outlined by the present work. 
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УГ. PETROGRAPHY OF THE LAVAS OF THE ВАЗ М 


THOMAS R. WELLMAN 


Department of Geology and Geophysics, Yale University 


INTRODUCTION 


Тре Lago di Monterosi occupies а small crater on 
the northwest flank of the Monti Sabatini volcano, one 
of the major extrusive centers of the Roman volcanic 
province. 

This province includes a number of volcanic centers 
from Lake Bolsena in the north to Vesuvius in the 
south, and is characterized by potash-rich and rather 
silica-poor extrusives. The petrography of the Roman 
province is described in detail by Н. S. Washington 
(1906). 

The “average age" of the Sabatinian volcano, pre- 
sumably the age of major cone building, 1s given by 
Marinelli and Mittempergher (1966) as 400,000 vears. 
The Monterosi crater necessarily postdates the building 
of the Sabatini cone. C!* dates reported elsewhere in 
this volume (see pp. 28, 42) indicate that lacustrine 
sedimentation began at least 24,000 years ago. This 
gives a minimum age for the crater. 

It is unclear, however, whether the rocks exposed 
in the walls of the Monterosi crater were extruded from 
the Monterosi vent or were extruded from the Sabatini 
volcano and merely exposed during the formation of 
the crater. 


THE SPECIMENS 


Four specimens of relatively unweathered rock, col- 
lected from the crater walls near the southern shore of 
the lake, were made available for petrographic study. 

The samples have clear, but limited, value in char- 
acterizing the starting material from which the sedi- 
ments and dissolved solids ш the lake were derived. 
The specimens are all from lava flows which are resis- 
tant to weathering and form good exposures. They may 
or may not have had the same original composition as 
that of the tuffs and ash beds which form the main bulk 
of the crater wall but are greatly weathered wherever 
exposed. These tuffs and ash beds would have supplied 
the bulk of sediment and dissolved material. Further- 
more, the four specimens represent several mineralogi- 
cally and chemically distinct rock types, the relative 
abundance of which 1s not known. 

Despite these limitations, there 1s no definite evidence 
suggesting that rocks of the type described do not repre- 
sent the general composition of the source of the sedi- 
ments and dissolved material in the lake. 
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PETROGRAPHIC DESCRIPTIONS 


A hand-specimen description, a microscopic descrip- 
tion, and the detailed character of each of the constit- 
uent minerals are given for each specimen. 

Specimens І, and EB-B are nearly identical and are 
described together. 


Specimens I, (fig. VI-1) and EB-B (figs. VI-2, 
VÍ-3): Leucitite 


Hand-specimen description: Compact, aphanitic, black rock 
bearing a few small voids to 1 millimeter across and very 
sparse leucite phenocrysts to 5 millimeters in length. 

Microscopic description: Holocrystalline; phenocrysts less 
than 1 per cent of the rock, large leucites to 5 millimeters 
and smaller aegirine-augites to 1 millimeter, set in a 
groundmass of leucite, augite, plagioclase, zeolite, and 
opaques. 

Detailed character: 

Leucite—(a) Very rare large phenocrysts; anhedral, ir- 
regular, and devoid of inclusions. Only one, about 4 
millimeters long, was seen in the two thin sections. 

(b) Uncommon groundmass grains; equant but an- 
hedral and somewhat irregular in outline, generally free 
of inclusions, 0.25 to 0.4 millimeter across. 

(c) Very abundant groundmass grains; equant, sub- 
hedral to round, 0.04 to 0.25 millimeter across, and com- 
monly containing symmetrically disposed small inclu- 
sions. 

Aegirine-augite—Very sparse phenocrysts; subhedral to 
euhedral, occasionally broken, roughly equant to elongate, 
to 1 millimeter in length. Most grains have a sharply 
delineated thin outer rim. Both rim and core often show 
zoned extinction. The cores are darker green and more 
strongly pleochroic, yellow green to bluish green, than 
the rims, indicating a higher aegirine content in the 
cores. 

Augite—Very abundant groundmass grains; equant to lath- 
like, anhedral to subhedral, commonly 0.05 to 0.1 milli- 
meter long and occasionally to 0.3 millimeter in length, 
neutral to very pale green and non-pleochroic. 

Plagioclase— Composition not determined. Common ground- 
mass grains; euhedral to interstitial anhedral, usually 
0.05 millimeter or smaller but a few interstitial patches to 
0.3 millimeter long, takes red Ca stain and exhibits weak 
birefringence. 

Zeolite—Common groundmass grains; euhedral to inter- 
stitial anhedral, euhedral crystals showing square and oc- 
casionally hexagonal sections with a streaky texture 
parallelling a side of the square, patches and crystals to 
0.15 millimeter, isotropic, takes red Са stain. Streaks 
and patches of this material sometimes occur in the 
plagioclase, suggesting that the plagioclase is being re- 
placed or altered. 

Biotite—Subhedral to anhedral grains, often interstitial or 
fringing opaque grains, mostly 0.03 millimeter or smaller 
but occasionally to 0.1 millimeter in length. 
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Opaques—Ragged, irregular, interstitial grains partly or 
completely enclosing other crystals, usually 0.05 milli- 
meter or smaller but a few to 0.2 millimeter across. 

Rutile—Rare clusters of slender red needles to 0.03 milli- 
meter in length. 


Specimen EB-A (figs. VI-4, VI-5, VI-6): 
Leucitite porphyry 


Hand-specimen description: Compact, porphyritic rock with 
abundant leucite phenocrysts to 1 centimeter across and 
numerous smaller pyroxene phenocrysts set in an apha- 
nitic dark groundmass. 


Microscopic description: Holocrystalline; phenocrysts about 


40 per cent of the rock, mostly leucite crystals and 
clusters to 1 centimeter across and uncommon augites 
to 2 millimeters. Groundmass texture dominated by ran- 
domly oriented plagioclase laths with elongate small 
augite crystals and interstitial leucite and nepheline. 


Detailed character: 


Leucite—(a) Abundant phenocrysts; round to euhedral 
crystals, 0.25 to 5.0 millimeters across, often clustered in 
groups to 1 centimeter across. Crystals weakly bire- 
fringent and showing complex polysynthetic twinning. 

(b) Common groundmass crystals; irregular inter- 
stitial masses, 0.05 to 0.15 millimeter across, showing 
weak birefringence and some polysynthetic twinning. 

Diopsidic Augite—(a) Uncommon phenocrysts; anhedral 
to euhedral stubby crystals, 0.20 to 2.0 millimeters across, 
showing spectacular zoning, crystals often clustering in 
groups of several. Some crystals are cut off or embayed 
by leucite phenocrysts. Color pale green, non-pleochroic. 

(6) Very abundant groundmass crystals; ragged to 
subhedral, generally elongate stubby to somewhat lath- 
like, 0.02 to 0.15 millimeter long, randomly oriented, pale 
green and weakly to moderately pleochroic. 

Plagioclase—Optically determined composition: about 
Abgo-Ango (labradorite). Very abundant groundmass 
crystals; lathlike crystals, some showing lengthwise 
twinning, 0.04 to 0.15 millimeter long, randomly oriented, 
showing zoning in some grains. 

Nepheline—Abundant groundmass crystals; large optically 
continuous irregular regions interstitial to all other min- 
erals, up to 0.5 millimeter across. 

Opaques—Common groundmass grains; irregular to sub- 
or euhedral but usually roughly equant discrete grains, 
0.01 to 0.1 millimeter across with occasional grains to 
0.25 millimeter across. 

Biotite—Rare groundmass grains; irregular, to 0.05 milli- 
meter across, pale to dark brown pleochroism. 

Hematite (identification somewhat uncertain)—Common 
small red-orange crystals fringing opaque grains or oc- 
casionally isolated, up to 0.025 millimeter across, non- 
pleochroic. 


Specimen EB-C (figs. VI-7, VI-8, VI-9): 
Trachyte porphyry 


Hand-specimen description: Porous, porphyritic, medium 
dark rock bearing pyroxene, plagioclase, and biotite 
phenocrysts up to 3 millimeters long and irregular voids 
to 5 millimeters across or larger. 

Microscopic description: Holocrystalline, phenocrysts about 
20 per cent; pyroxene, plagioclase and partially altered 
biotite; groundmass of ternary feldspar, pyroxene, 
opaques, limonitic iron oxides, and biotite. Goethite en- 
crusts some of the voids. 
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VI-1. Specimen Ic, Leucitite. White areas are leucite, 
gray areas are pyroxene, and black areas are opaque grains. 
The pyroxene crystal in the center of the photograph shows 
a lighter rim. Plane light, X 18. 

VI-2. Specimen EB-B, Leucitite. The large dark area 
with the grid pattern is a leucite phenocryst showing twin- 
ning. The white area 15 a pyroxene phenocryst with a rim 
marked by a somewhat lighter color and lack of inclu- 
sions. In the groundmass, the black grains are leucite or 
opaques and the light grains are mostly pyroxene. Crossed 
polarizers, X 39. 

VI-3. Specimen EB-B, Leucitite. Black areas are 
opaques, gray areas are pyroxene, and white grains are 
leucite crystals, many of which show symmetrically dis- 
posed inclusions. The very white patch at the extreme 
upper right is a hole in the slide. Plane light, х 126. 
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Detailed character : 


Ternary feldspar—appears to take uniform stain for both 
Ca and K but is shown by X-ray diffraction to consist 
of about 85 per cent sanidine (composition about 25 
per cent Ab) and 15 per cent plagioclase. 

(a) Overgrowths up to 0.05 millimeter thick rimming 
many of the plagioclase phenocrysts in crystallographic 
continuity. 

(b) Uncommon groundmass grains; stubby to equant, 
subhedral, up to 0.1 millimeter in length. 

(c) Very abundant groundmass microlites; up to 
0.04 x 0.15 millimeter, often showing Carlsbad twinning. 
These microlites form a felted texture which tends to 
wrap around phenocrysts. 

Augite—(a) Common phenocrysts; irregular or broken 
to euhedral, rather stubby, 2.0 millimeters long down to 
0.1 millimeter, often forming clusters of several crystals, 
zoning weak to absent, nonpleochroic, pale green. 

(b) Abundant groundmass grains; equant to stubby 
elongate, irregular to euhedral, 0.004 to 0.04 millimeter 
across, pale green. 

Plagioclase—Optically determined composition: Abg7-Ang3 
(anorthite). Common phenocrysts; euhedral or occa- 
sionally broken, up to 1.3 millimeter across, often form- 
ing clusters of intergrown crystals, showing some zoning 
and relatively little twinning. Most crystals have rims 
of ternary feldspar. 

Biotite—(a) Common phenocrysts; mostly euhedral but 
sometimes embayed, up to 2.5 millimeter across, always 
badly altered to opaque material at the margins. 

(b) Rare groundmass crystals; roundly equant to 
hexagonal euhedral, unaltered, rich yellow and only 
weakly pleochroic, 0.04 to 0.3 millimeter across. 

Limonitic and/or chloritic alteration products—Very fine- 
grained yellow to yellow orange material invading cracks 
in a few plagioclase grains. 

Melanite—Common groundmass grains; roughly equant, 
irregular, yellow to red, mostly 0.01 to 0.025 millimeter 
across. 

 Орадие— (а) Alteration product in margins of biotite 
phenocrysts. 

(b) Common groundmass grains; irregular but gen- 
erally roughly equant, mostly 0.005 to 0.015 millimeter 
with a few grains to 0.2 millimeter across. 

Goethite—Botryoidal void fillings of red-brown material. 

Apatite— Very slender fine needles included in feldspars. 


Table VI-1 gives modal analyses, in weight per cent, 
for the four rocks, calculated from point counts of 1,000 
to 2,000 points and mineral densities taken from Deer, 
Howie, and Zussman (1963). 

Approximate chemical compositions for the four 
specimens have been calculated from the modes and 
estimated chemical compositions of the constituent min- 
erals. The compositions are listed in table VI-2. 

Compositions of leucite, nepheline, biotite, apatite, 
and melanite are taken directly from Deer, Howie, 
and Zussman (1963). Opaques are considered to be 
КезО. and hematite to be FesO3. The optically de- 
termined compositions of plagioclases are used, when 
available, to select appropriate analyses from those 
tabulated in the Deer, Howie, and Zussman (1963) 
section on plagioclases. In I, and EB-B, where opti- 
cal plagioclase compositions are not available, labra- 
dorite composition is assumed. The zeolite is assumed, 
on the basis of the Ca content and low birefringence, 
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to be mesolite, and an appropriate composition is used. 
The botryoidal iron oxide is taken to be goethite. The 
groundmass feldspar of EB-C was found, by X-ray 
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Fic. VI-4. Specimen EB-A, Leucitite porphyry. The dark 
patches are leucite phenocrysts showing twinning. The 
light crystals are pyroxene phenocrysts. The pyroxene 
crystal at the center shows strong zoning. (Px = pyroxene, 
Lc = leucite.) Crossed polarizers, X 39. 

Fic. VI-5. Specimen EB-A, Leucitite porphyry. Light areas 
are plagioclase, leucite, or nepheline, gray areas are py- 
roxene, and black areas are opaques. (Р = plagioclase, 
Lc = leucite, Ne = nepheline, Px = pyroxene, О = opaque.) 
Plane light, X 126. 

Fic. VI-6. Specimen EB-A, Leucitite porphyry. Same field of 
view as above. Crossed polarizers, X 126. 
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TABLE VI-1 
MODAL ANALYSES IN PERCENTAGE WEIGHT 





Te EB-B EB-A EB-C 
Phenocrysts: 

Leucite e. .. 32.85 .. 
Augite 1.12 0.45 1.88 6.87 
Anorthite .. .. ... 7.84 
Biotite: 

Fresh 3.24 

Altered 1.78 

Groundmass: 

Ternary feldspar ... et et 42.46 
Plagioclase 4.85 2.93 17.56 x 
Zeolite 1.76 4.44 ... 
Leucite 36.30 36.53 8.55 
Nepheline zx 8.71 2x 
Augite 48.07 44. 80 22.74 17.55 
Ораацез 5.81 7.75 5.73 7.39 
Biotite 1.66 1.66 0.11 0.30 
Melanite ... ... 6.24 
Hematite ... ... 1.87 e 
Rutile 0.43 1.44 ... ... 
Goethite ... ... 5.91 
Apatite ... ... ... 0.42 

Total 100.00 100.00 100.00 100.00 





diffraction, to consist of about 85 per cent sanidine (con- 
taining approximately 25 per cent albite) and 15 per 
cent plagioclase. Appropriate analyses are mixed to 
give a composition for the ternary feldspar. The plagio- 
clase 1s assumed to be labradorite. The pyroxene com- 
position is arbitrarily taken to be 2 parts aegirine-augite 
and 1 part augitic diopside. 

The general character of this suite of rocks can ре 8 
seen in the average chemical composition. 

The rocks are rather basic. The values for SiO», 
AleOs, total iron, MgO, CaO, and NaO are close 
to those of a typical tholetitic basalt. К.О and the 
ratio Fe3O4/FeO are both much higher than in a 
normal basalt. 

These estimated compositions are subject to large 
errors in the modal analyses and estimated mineral 
compositions. For example, none of the chemical anal- 
yses of Roman province rocks listed by Washington 


TABLE VI-2 
ESTIMATED CHEMICAL COMPOSITIONS 








Oxide Г ЕВ-В ЕВ-А ЕВ-С Ауе 
$102 49.43 48.18 48.88 45.98 48.11 
AlO; 11.75 12.03 18.27 12.79 13.71 
ҒеО; 6.42 7.65 7.07 14.63 8.94 
FeO 5.99 6.33 3.72 5.48 5.38 
MgO 5.93 5.53 2.90 3.43 4.45 
CaO 11.30 10.63 7.45 10.01 9.85 
Na2O 1.73 1.68 3.45 1.79 2.16 
КО 6.84 7.00 8.07 4.64 6.64 
НО 0.61 0.97 0.19 1.25 0.76 

Total 100.00 100.00 100.00 100.00 100.00 
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(1906) contain nearly as much iron as do the above 
estimates. This is as likely due to overestimation of 
the abundance of opaques in the point counts as to 
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Fic. VI-7. Specimen EB-C, Trachyte porphyry. Large, em- 
bayed biotite phenocryst showing marginal alteration lies 
at the center of the photograph. The rounded white 
patches are holes in the slide. Plane light, X 18. 

VI-8. Specimen EB-C, Trachyte porphyry. The light 
crystals are anorthite phenocrysts showing some twinning 
and well developed rims. Crossed polarizers, X 18. 

VI-9. Specimen EB-C, Trachyte porphyry. The irregu- 
lar dark patch at the center is a void filled with botryoidal 
goethite. Note the concentric and radial texture. Biotite 
and anorthite phenocrysts are also visible. Crossed polar- 
izers, X 18. 
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genuine differences between his rocks and those de- 
scribed here. 


SUMMARY 


1) Four specimens of bedrock from the Monterosi 
crater were made available for petrographic study. They 
are all lava flow rocks collected from resistant units. 

2) It is not known whether these rocks were extruded 
from the Monterosi crater itself or from the Sabatini 
volcanic center. 

3) Because of the small number of samples and the 
possibility that they are unrepresentative of the rocks 
of the area (the most resistant rocks are often not typi- 
cal), their value in characterizing the source of the 
sediments and dissolved matter in the lake is limited. 

4) The rocks may be characterized generally as 


follows : 
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I, and EB-B—holocrystalline aphanitic Leucitite EB-A 
—holocrystalline Leucitite Porphyry 
EB-C—holocrystalline anorthite-bearing Trachyte Por- 
phyry 

5) The modal analyses show wide variations in min- 
eralogy, but potassic minerals, pyroxene, and opaques 
are abundant in all cases. 

6) The estimated chemical compositions indicate ex- 
ceptionally high КО and Ее Оз/ЕеО for all speci- 
mens. High К.О is characteristic of the Roman prov- 
ince. 
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The main investigation reported in the present volume 
concerns two cores collected by Dr. W. T. Edmondson 
and Dr. Enrico Bonatti using a Livingstone corer, 
from the central part of the lake on September 30, 
1959. In the present contribution a detailed account of 
the general nature, chemistry and mineralogy of samples 
from their cores is given, together with a study of a 
number of soil and rock samples collected (С. E. Н.) 
in May, 1961. The emphasis 1s primarily geochemical, 
but the main features of the history of the lake will 
become apparent throughout the course of the presenta- 
tion. The reader not greatly interested in the details 
of the movement of the rare chemical elements will find 
our conclusions as to the history and development of 
the lake summarized in the final contribution (see p. 
163). 

It must be emphasized that the work is in a sense 
largely exploratory. Until we were able to adapt the 
techniques of X-ray fluorescence spectroscopy to the 
analysis of untreated dry samples of sediment, the 
amount of work needed to accumulate the information 
that we have obtained would have been prohibitive. We 
have attempted to check all doubtful points in any way 
that seemed feasible, but it is unlikely that all difficul- 
ties have been surmounted. We believe that the general 
picture presented is reliable but are quite prepared for 
criticism of particular details. Moreover, if we had 
known in advance what the results would have been, 
we should have planned certain aspects of the study 
differently. Further investigation of the lake and of the 
other lakes of Latium could clearly refine and extend 
the results greatly, and we believe that a number ої 
specific points would be usefully reconsidered. Fortun- 
ately, a strong tradition of limnological research exists 
in Italy, and we can confidently leave such studies to 
our Italian colleagues. 


LABORATORY AND INSTRUMENTAL 
ANALYTICAL METHODS 


The wet chemical methods that we have used, such 
as the determination of organic carbon and nitrogen, 
exchangeable cations (calcium, strontium, sodium, po- 
tassium, magnesium, and lithium), water-soluble phos- 
phorus, as well as the specifications for X-ray diffract- 
ometry and differential thermal analysis for the most 
part are conventional and have been previously de- 


scribed (Cowgill and Hutchinson, 1963, 1966). 
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The overall inorganic composition of the sediments 
was analyzed primarily with the aid of X-ray emission 
spectroscopic techniques (Cowgill, 1966). Forty ele- 
ments were examined by this technique: silicon, alum- 
inum, calcium, potassium, phosphorus, magnesium, 
sodium, chlorine, sulfur, lanthanum, strontium, rubi- 
dium, gallium, bromine, selenium, cerium, samarium, 
arsenic, nickel, copper, zinc, cobalt, iron, titanium, 
manganese, chromium, scandium, vanadium, neodym- 
ium, cesium, praseodymium, zirconium, barium, iodine, 
antimony, hafnium, lead, platinum, niobium, and fluor- 
ine. As all lakes appear to differ, some elements have 
been detected in Monterosi sediments that, though 
searched for, were not encountered in our earlier work. 
As a result of line interferences due to such elements, 
some of the specifications previously published had to 
be changed; the particulars of these changes are shown 
in table VII-1. Certain features of some of the pro- 
cedures used require special comment. 

Fluorine was determined with a lead stearate crystal, 
having a 2d spacing of 97.8 A; the element is easily 
detected using a helium tunnel and a proportional flow 
counter having a thin formvar window. Calibration was 
performed by using standards simulating the matrix 
as closely as possible. The results show a very strong 
correlation with potassium, but there seems to be no 
possibility of confusion of the spectra of the two ele- 
ments. 

Arsenic was determined using a gypsum crystal. 
There is a fifth order K line of iron conflicting with the 
first order Ka; line of arsenic. Examination of standards 
with iron ranges similar to those of the lake mud con- 
taining no arsenic failed to produce evidence of this 
iron line. We therefore believe that our arsenic data are 
valid and that the relationship indicated below between 
arsenic and iron 15 a valid one (cf. Goldschmidt, 1954). 

The rare earths are determined by use of the nomo- 
gram technique (cf. Cowgill, 1966). In the case of 
lanthanum, it was possible to confirm our procedure by 
comparison with results obtained by Dr. Joensuu using 
optical emission and also by making a determination 
on the standard granite G-1; the results of our analyses. 
are in accord with those of others. In the case of cerium, 
a simulated matrix containing 500 parts per million, 
giving 58 counts above background agreed excellently 
with the lake muds. 

Chlorine presents another type of problem. A pure 
sample of NaCl placed in an X-ray beam, with the 
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goniometer set on the Ке of chlorine, will produce a 
decrease in intensity in relation to the number of hours 
of exposure in the beam. However, when NaCl is 
ground and mixed with starch, this relationship becomes 
negligible. When insufficient amounts of organic matter 
are present, some chlorine is likely to distill from the 
sample as a result of exposure. There appear to be some 
uncertainties in the chlorine analyses of core 1, but 
apparently these were not due to this effect. 

АП elements listed in table VII-1 were determined at 
full tube intensity, 25 KV, 40 ma for the chromium and 
/5 KV, 50 ma for the molybdenum target, with the ex- 
ception of hafnium whose variation was monitored by 
employing the Lg; line at tube ratings below the ex- 
citability of zirconium in order to eliminate the possibil- 
ity of this second-order interference. A helium path 
was used throughout the study. All necessary correc- 
tions for line interferences were applied. 

In table VII-2, the ignition loss, interpolated from 
figure VII-2 for each level analyzed, is compared with 
the difference from 100 of the sum of the oxides deter- 
mined by X-ray fluorescence spectroscopy. Omitting 
period A where some sulphide probably contributes to 
the ignition loss, the greatest difference is less than 10 
per cent of the sample. This probably sets a lower limit 
to the differences that may be legitimately considered 
significant. The mean difference for core 1 is 2.64 per 
cent, for core 2, —0.80 per cent and for the whole series, 
each determination weighted equally, 0.64 per cent. 
Evidently the errors are essentially random. 

In addition to the purely analytical uses of X-ray 
fluorescence spectroscopy, it is possible to gain some 
information about the state of combination of certain 
elements, using the fine structure of appropriate lines. 


TABLE VII-1 


X-RAY EMISSION SPECTROSCOPIC SPECIFICATIONS FOR THE 
DETERMINATION OF CERTAIN ELEMENTS 





Heliopot settings 
Wave —————————— ——| Major Inter- 














Element| length Crystal : : 
өшеп UR ry Base- | Win- С; fering Lines 
line dow 
Chromium Target, # 7 counter tube 
F 18.81 Pb stearate; 4 | 20 | 721 |La, Zr, n = 3 
As 9.6715 | Gypsum 4 20 | 730 Ka Fe, п = 5 
Nb 0.6657 | LiF 4 20 | 660 КЬ, Ва, и = 2 
Molybdenum Target, #7 counter tube 
Co | 1.7889 | Topaz 4 | 20 710 Ka Ее, п = 1 
Molybdenum Target, scintillation counter tube 
Pt 1.1198 | LiF 14 | 20 | 640 К. Аз,» —1 
Pb 0.9822 | LiF 6 | 20 | 645 |K., Br, » = 1 
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TABLE VII-2 


(1) (2) (4) 


(3) 
100-Sum of 


ignition loss | “determined by | Difference 

(%) x-ray fluorescence 

spectroscopy 

Corel 9.0cm. 11.85% 14.11% 3.26 
30.3 11.20 13.76 2.56 
46.0 11.94 17.78 5.84 
63.0 16.00 17.03 1.03 
80.5 18.15 17.37 —0.78 
98.0 18.90 15.64 —3.26 
115.5 18.94 16.68 —2.26 
136.6 23.60 21.46 —1.14 
148.0 27.46 36.91 9.45 
162.0 20.00 20.05 0.05 
174.5 12.70 18.54 5.16 
184.5 12.00 17.15 5.15 
194.5 9.60 17.25 7.65 
204.5 9.60 11.44 1.84 
217.3 11.89 13.37 1.48 
230.0 22.00 15.74 6.26 
243.7 29.39 15.30 14.09 
Соге2 3.5 15.80 16.93 1.13 
12.3 14.41 19.16 4.75 
18.5 15.90 19.23 3.33 
34.0 20.00 18.70 —1.30 
52.5 17.32 19.19 1.87 
58.5 19.60 19.02 —0.58 
68.5 19.06 18.70 —0.32 
81.0 18.60 17.72 — 0.88 
93.5 21.05 20.10 — 0.95 
103.5 23.65 22.51 — 1.14 
117.0 34.00 26.73 — 7.27 
126.0 20.00 16.32 — 3.68 
136.0 12.30 14.87 2.57 
141.0 12.10 14.82 2.72 
150.0 12.70 14.43 1.73 
160.0 12.59 14.27 1.68 
170.0 12.91 7.97 —4.94 
180.0 12.48 11.49 —0.99 
190.0 12.50 12.74 0.24 
200.0 17.90 13.72 —4.18 
207.5 19.26 13.74 —5.52 
220.0 18.40 12.48 —5.92 
234.5 17.50 14.15 — 3.35 
248.5 20.50 13.35 — 7.15 
261.0 22.05 11.92 — 10.13 
275.6 17.10 7.16 — 9.94 
279.5 24.00 9.42 — 14.58 





Two such techniques discussed in the next two para- 
graphs were employed. 

The Quantitative Separation of the Various Forms 
of Silica т Lago di Monterosi: A method has been 
developed whereby the various crystalline and non- 
crystalline forms of silica can be quantitatively separ- 
ated. This 15 accomplished by the use of both X-ray 
diffraction and X-ray emission techniques. Total silicon, 
reported as silica, is determined by standard X-ray 
emission techniques (cf. Cowgill, 1966). The combined 
quartz and opal, the crystalline and amorphous forms 
of silica, are estimated by use of the wave-length shift 
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of the Kg, line from silicon to its dioxide. Since the 
various clays, quartz, and silicon all have measurably 
different wave lengths, it 15 possible, by preparing а 
set of calibration curves on material containing quartz, 
halloysite, and starch, simulating both the organic and 
inorganic fraction of the lake mud matrix, to estimate 
the combined amount of quartz and opal. Since these 
two forms of silica are chemically the same, they have 
the same wave length. Using a diffractometer to esti- 
mate the quantity of quartz, subtracting this amount 
from the combined quartz and opal, gives the amount of 
opal. Similarily, subtracting the amount of quartz and 
opal from the total amount of silicon in the lake sedi- 
ment, reported as silica, leaves the amount of clay silica 
in the sediment. This method has been discussed in 
greater detail elsewhere (cf. Cowgill, 1967a, b). 

Determination of the Coordination Number of Alum- 
тит. DeKimpe and his co-workers (1961) have shown 
that the wave-length shift that is apparent in aluminum 
is related to the coordination number. Making a cali- 
bration curve of combinations of АГРО. with a co- 
ordination number of 4 and kaolinite with a perfect 6, 
they found that the fourfold coordination was more 
stable at РН 8 while the sixfold was more stable at 
РН 5. These workers used the shift of the Ка line. 

In the present study, the shift at the Kg line was 
employed since the magnitude of change is far greater 
and hence can be ascertained with greater confidence. 
The instrument specifications are the same as those 
used in the estimation of combined quartz and opal 
(cf. Cowgill, 1967a, b). Essentially, pure metal is used 
as a comparison sample and the crystal is adjusted to 
maximum intensity. The test sample is then slowly 
scanned over its Kg line and the specific wave length 15 
then determined by manual scanning and counting of 
the peak and background. Table VII-3 shows some 
positions for various substances. The wave lengths are 
reported as 20. The kaolin used is one of the purest 
known and was made available through the kindness 
of the Georgia Clay Company, Gordan, Georgia. It 
has a perfect coordination number of 6. El Bajo de 
santa Fé (cf. Cowgill and Hutchinson, 1963) is a 
swamp in northern Guatemala that 15 largely montmor- 
illonitic. It would appear that the material from Lago 
di Monterosi shows aluminum to have a coordination 
number as in pure kaolin, namely 6, so that it can 
safely be assumed that the aluminum 1s present in alum- 
inosilicate form. 

Comparable methods, unfortunately, could not be 
extended to other elements of the periodic table owing 
to either insufficient intensity at the Кв position or 
the presence of interfering lines that were unresolvable. 

Comparison of the Results of X-ray Fluorescence and 
Optical Emission Spectroscopy: Early in our studies, 
Dr. Oiva Joensuu of the University of Miami made а 
number of determinations on samples of some of our 
materials, covering a number of elements which we 
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TABLE VII-3 


THE WAVE LENGTH OF VARIOUS ALUMINUM COMPOUNDS 


Coordination 


Compound number в: ен 
Aluminum foil 12 130.09 
Biotite 4 and some 6 130.70 
Kaolin (61-5-14)* 6 130.55 
El Bajo de Sante Fé 6 130.56 
M-1 9cm. 6 130.56 
M-1 243.7 cm. 6 130.56 
M-2 3.5cm. 6 130.56 

180 cm. 6 130.56 
275.6 cm. 6 130.56 


* Kaolin, Courtesy of Georgia Clay Company, Gordan, 
Georgia. 


have determined, and adding a little information on 
beryllium, boron, and yttrium which we could not esti- 
mate. All the data on the materials of the basin deter- 
mined by both methods are set out in tables VII-6 and 
VII-7, permitting comparison of the results. While 
the general magnitudes of most elements determined by 
the two methods are in agreement, there is clearly a 
fair amount of random variation which makes compar- 
ison of individual samples uncertain. In general, wher- 
ever we have found clear patterns emerging in the 
sequence of lake sediments concordant in the two cores, 
we have not hesitated to assume reality of the pattern; 
and all the detailed conclusions presented are based on 
cases of such variation. We have considerable confidence 
in all relative results of this kind. The greatest dis- 
crepancies between the two methods occur in the anal- 
yses of the lava and some other materials in the drain- 
age basin. We suspected difficulties in. standardization 
in such cases and redetermined certain elements, making 
up standards with a matrix approximating Dr. Joensuu's 
composition for Le. 

Redetermining sodium, magnesium, and strontium, 
for which there are marked discrepancies, gave results, 
for the most part, comparable to what we had earlier 
obtained ; we have used our mean values for magnesium 
and strontium in compiling tables VII-6 and VII-7. 
Some of our earlier sodium values appear to be too 
high; and the redeterminations are used. We concluded, 
however, that our original titanium figures for the basin, 
but not for the sediments, were too low and that some 
correction was also needed to our barium and zirconium 
figures. Our vanadium figures for the material of the 
basin are probably wrong, but we agree with Dr. 
Joensuu fairly well for the vanadium contents of the 
sediments. With regard to scandium, lanthanum, copper, 
nickel, cobalt, and chromium, the two lots of results 
agree at least as well as do the analyses by the best 
living analysts of these elements for the two standard 
rocks G-1 and W-1, as recently compiled by Fleischer 
(1965). The rather large departures from 100 per cent 
in the additions in table VII-6 for I, and the composite 
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soil may be due to incomparability between the samples 
ashed and those used for inorganic determinations; the 
presence of fibrous organic matter makes homogeniza- 
tion difficult. 


DESCRIPTION OF THE SEDIMENT CORES 


The material brought back by Dr. Bonatti consisted 
of two cores. The shorter of these cores, here called 
core 1, initially in four sections, had an aggregate length 
of 248 centimeters. This was taken as near as possible 
to the center of the lake. Being unable to penetrate fur- 
ther, and feeling that a core of two and a half meters 











TABLE 
Мая» Approximate 
Depth ope Ridgway 
Equivalent 
1-16 cms. 5y 4/2 Dark Olive 
17—21 5y 4/2.5 Dark-Deep 
Olive 
24 5y 4/2 Dark Olive 
26 5y 4/2.5 Dark-Deep 
Olive 
28.5 5y 4/2 Dark Olive 
31 5y 4/2.5 Dark-Deep 
Olive 
33.6 2.5у 4/2 Olive Brown 
С, 
36-38.5 Sy 4/2.5 Dark-Deep 
Olive 
40 Sy 4/2 Dark Olive 
41-50 Sy 4/2.5 Dark- Deep 
Olive 
52 Sy 3/255 Deep Olive 
55-60 5y 4/2.5 Dark-Deep 
Olive 
61 5y 4/2 Dark Olive 
65 5y 5/15 Dark Grayish 
Olive 
66-75 5y 4/2.5 Dark- Deep 
Olive 
76-85 5y 4/2 Dark Olive 
86-91 5y 4/2.5 Dark-Deep 
Olive 
95 5y 4/2 Dark Olive 
C, 96-101 5y 4/2.5 Dark-Deep 
Olive 
105 5y 4/2 Dark Olive 
106 5y 4/2.5 Dark-Deep 
Olive 
111 5y 4/2 Dark Olive 
112-121 5y 3/2 Olivaceous 
Black 
125-126 5y 4/2.5 Dark-Deep 
Olive 
130 5y 9/259 Deep Olive 
B; 
131-140 5y 5/3 Deep Olive 
141-150 Sy 5/2.5 Deep Olive 
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was quite inadequate in a lake of putative age over 
20,000 years, the investigators moved to a new position 
a few dozen meters to the southeast and obtained a 
second core, here termed core 2, also originally in four 
sections, and of total length 283 centimeters. Consider- 
able efforts were made to drive the corer deeper without 
any success, and the investigators left the lake in a 
most discouraged state. How unjustified their discour- 
agement proved may be estimated from the size of the 
work resulting from their activities. The various sec- 
tions of the cores seem to be relatively complete at 
their boundaries; core 2 may be missing a small section 




















VII-4 
Approximate 
Munsell : 
D d 
e Color бш 
153.5 2.5у 4/2.5 Olive Brown 
155-160 5y 5/2.5 Deep Olive 
163.5—168.5 Sy 5/2 Deep Olive 
В, 
170 5у 57 259 Deep Olive 
173.5- 185 5y 5/2 Deep Olive 
188.5—190 5у 541.5 Dark Grayish 
Olive 
193.5-198.5 Sy 5/2 Deep Olive 
200 Sy 372.9 Deep Olive 
203.5 209 маја Clove Brown 
205-210 2.5у 4/2 Olive Brown 
B, 
213.5-215 2.5у 3/2 Clove Brown 
218.5-220 2.5y 4/2 Olive Brown 
223.5225 5y 5/1.5 Dark Grayish 
Olive 
228.5—243.5 2.5у 4/2 Olive Brown 
246.5 10уг 271.5 Sooty Black 
248.5 10yr 3/2 Clove Brown 
251.75 10yr  2/1.5 Sooty Black 
253.5 2.5у 4/2 Olive Brown 
256.75 10уг  2/1.5 Sooty Black 
A 258.5 5y 3/1.5 Olivaceous 
Black 
260.75 5y 4/2 Dark Olive 
263.5 10уг 3/2 Clove Brown 
266.75—268.50 2.9y ^ 5372 Clove Brown 
271.75-276.75 2.5у 4/2 Olive Brown 
280.5 10yr 3/12 Clove Brown 
289.5 10уг 2/1.5 Sooty Black 
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232-233 CMS. 
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Fic. VII-1. Microscopic appearance of sediments. 


about Z centimeters long below 242 centimeters, but 
as this is in a region of relatively rapid change in which 
detailed stratigraphy is impossible, no allowance for 
the error has been made in the presentation. 
Macroscopic Appearance of the Sediments: On open- 
ing the cores, the sediment was found to consist of a 
dark brownish gray material, the upper sections being 
obviously wetter than the lower, though the driest part 
was not at the bottom. The details of the variation in 


water content are discussed in the next section. Varia- 
tion in color of the dried and ground sediments provided 
additional evidence of difference between the upper and 


lower sediments. These variations are presented for 


core 2 in table VII-4. In the same core it was noted 
that macerated plant fragments occurred írom 121 
centimeters to 142 centimeters, most abundantly at 
121-125 centimeters and at 136-142 centimeters. These 
were the only macroscopic evidence of organisms ob- 
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served, but proved indeterminable. Below this, to about 
228 centimeters, the texture 15 obviously silty, becoming 
more friable in the deepest layers of the sediment. These 
variations are in accord with the analytical data pre- 
sented in later sections. 

Microscopic Examination of the Sediments: Micro- 
scopic smears of the sediment moistened with distilled 
water and mounted in glycerine jelly were made at 55 
levels in core 2. The most striking characteristics of 
these preparations (fig. VII-1) was their extraor- 
dinary uniformity and their striking lack of appreciable 
amounts of coarse detritus. At every level the sediment 
consists of glassy, practically colorless mineral particles, 
cemented together by a grayish yellow matrix essen- 
tially consisting of what would be called fine detritus 
by Lundqvist (1927) and other European students 
of lake sediments. In all parts of the column very small 
amounts of coarse detritus, characterized by the remains 
of cell walls, can be discovered on prolonged search; 
but even where such material is most abundant, as from 
118-125 centimeters, the amount present is quantita- 
tively negligible, well under 1 per cent of the total 
volume of sediment. Mixed in with the general matrix 
there are usually some black particles which are clearly 
not homogeneous. At 128-130, 172-174.5, 237-240, and 
255.5-258 centimeters single black lathlike fragments 
are associated with cellular structures, and comparable 
fragments noted from 223-233 centimeters are probably 
also carbonized plant fragments. The smaller black bodies 
of rather irregular shape may occur within the very 
rare organic structures, as at 152.5-154-5 centimeters 
where such bodies are enclosed by a spherical, probably 
algal membrane, and at 274.5-281.5 where they occur 
in elongate cells probably constituting a fragment of 
higher plant tissue. Their distribution is discussed by 
Leventhal (see pp. 139, 141) whoalso noted problematic 
brown bodies of like character. At all levels, odd sponge 
spicules, pieces of chitinous structures, diatoms and 
pollen grains, and in the deeper layers, chrysophycean 
cysts, may be recognized, as may a certain number of 
highly decomposed algal filaments, most abundant in 
the region 113-118 centimeters. All these structures are 
discussed in other papers of this series. Very rare 
crystals of augite were noted throughout the core. 


CORRELATION AND CHRONOLOGY OF 
THE CORES 


In figure VII-2 are plotted side by side the percent- 
age of water in the freshly extruded sediment lost at 
110° centigrade and the loss on ignition at 600° сепи- 
grade, for vertical series of samples derived from the 
two cores. These two quantities appear to give the 
most direct measure of the general nature of the sedi- 
ment in situ. On the same diagram are indicated all 
the radiocarbon dates available for the cores, with an 
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indication for each date of the thickness of sediment 
used for the determination.! 

Stratigraphy and Chronology of the Cores: It will 
be immediately apparent that there are great resem- 
blances between the two cores, as would be expected ; 
there are also highly significant differences. Core 2 15 
about 35 centimeters longer than core 1 and clearly 
penetrates into a deeper layer of sediment. In the field, 
Edmondson and Bonatti found that below the recover- 
able cores was an impenetrable layer, presumably a 
plug of lava in the crater. The available evidence sug- 
gests that the bottom 50 centimeters of core 2 were 
laid down rapidly, probably in a period of not more 
than 2,000 years, on the top of the impenetrable mater- 
ial. The extreme bottom part of core 1 appears to be 
contemporaneous with the top of the old rapidly sedi- 
menting section of core 2. We have called the period 
during which this sediment was deposited A, drawing 
its boundary at 243 centimeters in core 1 and 230 centi- 
meters in core 2, with an approximate radiocarbon age 
of 24,000 в.Р.; the exact position and age of the bound- 
ary are a little arbitrary. It is convenient to treat the 
bottom chemical sample of core 1 at 243.7 centimeters 
as belonging to the top of period A, and a rounded age 
of 24,000 в.Р. does no injustice to the radiocarbon ages. 
It is possible that a little more of core 1 really belongs 
to zone А as defined in core 2, but the available data 
do not permit a clear decision. 

In period A, the water content is moderately high, 
from 52 to 63 per cent, and the ignition loss quite high, 
17-23 per cent in core 2 and as much as 29 per cent in 
the bottom sample of core 1. 

Much higher up the core there 15 another period of 
rapid sedimentation, while between them the rate of 
deposition was very slow indeed. This arrangement 
makes a threefold division natural; like the classic novel 
and other things, the history of Lago di Monterosi has 
a beginning, a middle, and an end. We call the middle 
period of slow sedimentation lasting about 22,000 years 
period B, the later 2,300 years of rapid sedimentation 
period C. The division between B and C is defined by 
a very sudden rise in organic nitrogen in the sediments 
of both cores. In core 2, for which we have both carbon 
and nitrogen determinations, there 1s a slight minimum 
in carbon at 116 centimeters between maxima at 121 
centimeters and 111 centimeters though the one nitrogen 
maximum is at 116 centimeters. We define the junction 
between B and C as corresponding to the level of the 
rise to the lower carbon peak at 121 centimeters in 
this core. In core 1 there are two nitrogen peaks but 
the lower one is much less marked than the very high 
maximum. At first we regarded the level of the latter 
at 147 centimeters as the equivalent of 121 centimeters 


1 All dates given as в.р. or designated as in radiocarbon 
years are based on a half-life of C'* of 5,570 years and are 
uncorrected for effects due to variation in the cosmic-ray flux 
and other sources of external error. 
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50 100% 50 100 % 


IGNITION LOSS 
DRY SEDIMENT 


CORE 4 


LOWER 
LARGE GRAMINEAE 

MAXIMUM 
FIRST MENTION OF (?CEREALS) 


LAKE 1О8! A.D. 


DEFORESTATION 


SACK OF ROME 455 А.О. URTICACEAE 


MAXIMUM 


DECLINE IN ARBOREAL POLLEN 


VIA CASSIA 171 B.C. 
FALL OF VEII 396 B.C. DECIDUOUS ARBOREAL 


POLLEN MAXIMUM 


ABIES 
MAXIMUM 


CORYLUS 
MAXIMUM 
GRAMINEAE 
MAXIMUM 


ARTEMISIA 
MAXIMUM 


LOW LAKE LEVEL 


ALLERØD OSCILLATION 


WURM Ш 
GLACIATION 


MUCH ARTEMES/A 55% POLLEN ACQUATICS 
COLD ARID 





? BED ROCK 


Fic. УП-2. Percentage of water in freshly extruded sediment, and percentage ignition loss of dry sediment in the two cores, 
positions of radiocarbon date samples, correlation by means of the stratigraphic divisions used in the present study, principal 
pollen periods, and main historic events relevant to the history of the lake. 


in core Z, but subsequent examination of sedimentation 
rates led us to equate the latter level with 157 centi- 
meters in core 1. The data on water content are consis- 
tent with this interpretation. The organic nitrogen 
maximum as a whole 15 dated by a rather long sample 
embracing the whole maximum and giving a radiocar- 
bon age of 2220 + 120 years в.р. Since this date is the 
best estimate of the age of the middle of the period of 
very highly organic sediment, and the boundary 1s set 
just below this point, to include the lower maxima, we 
believe that the adopted boundary corresponds to a 
radiocarbon date of about 2300 years в.р. The actual 
calendrical date equivalent to 2300 в.р. taking into 
account corrections (see p. 44) and counting statistics 


is likely to be somewhere between 107 в.с. and 488 B.c. 
(cf. table VII-5). 

In the early part of period B there 1s a marked fall 
in water content in the sediments, a fall reflected in the 
ignition loss also. In the middle part of B in core 1, 
these quantities reach a minimum and they tend to have 
low rather constant values in the middle of B in core 2. 
Toward the end of period B there is a marked rise of 
ignition loss and water in the fresh sediment in both 
cores. It is probably that the middle part of B corre- 
sponded to low levels in the lake, but since there is 
no evidence of unconformities due to drying, low water 
levels would not directly produce low water contents. 
Тре water content would appear to be primarily deter- 
mined by the organic matter. 
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In spite of the generally comparable changes in the 
two cores during the period, inspection of the curves 
does not lead to unequivocal detailed correlation with- 
out considering radiocarbon dates. We distinguish a 
subperiod B, of declining water content in both curves, 
the minima chosen to define its upper limit having in- 
terpolated radiocarbon ages ої 12,350 years в.р. in core 
1 and of 13,570 years в.р. in core 2. The sediment in 
this region is deposited so slowly that error due to 
uneven distribution of carbon of varying age through- 
out the vertical extent of a sample could be considerable 
and the two minima are quite likely, therefore, to be 
contemporaneous. Accordingly, we set the boundary 
В./В. at 203 centimeters іп core 1 and 190 centimeters 
in core 2 with a radiocarbon age of about 13,000 years, 
at about the time of the Bølling oscillation. Identifica- 
tion of the time when the water content rises at the 
top of B» 1s likewise difficult owing to minor irregulari- 
ties. The best we have been able to do is to define the 
boundary Be/Bs as the level of an interpolated radio- 
carbon date of 5000 years в.р., at 173 centimeters in 
core 1 and 151 centimeters in core 2. Inspection of the 
curves indicates that this 1s by no means an unsatis- 
factory way of dividing period B. 

Period C naturally is divided by a slight minimum in 
water content at 95 centimeters in core 1 and 66 centi- 
meters ш core 2. The interpolated radiocarbon ages are 
1148 в.р. in the first core, 1220 в.р. in the second; ап 
intermediate value of 1200 в.р. is a reasonable estimate 
of the radiocarbon age of the С/С boundary. 

These subdivisions, based on water content, ignition 
loss, and organic nitrogen on the one hand, and radio- 
carbon dates on the other, will be used in the descrip- 
tion of the chemical data. This use, to a large extent, 
will be found to justify the scheme. 

Interpretation of the Radiocarbon Dates: In the pre- 
ceding section, the absolute chronology 1s given through- 
out in terms of uncorrected radiocarbon ages В.Р. (1.е., 
prior to 1950) based on a half Ше for C!* of 5,570 
years. This practice is in line with the current policy 
of the journal Radiocarbon in which most of our dates 
were first published by the Yale Laboratory (Stuiver 
and Deevey, 1961, 1962). 

In view of the importance of the correlation of our 
findings with the events of Roman history, some treat- 
ment of the probable discrepancies between the radio- 
carbon and calendrical chronologies 15 necessary. 

It is well known that during the part of human history 
for which absolute chronology is available, there are 
small discrepancies between the radiocarbon ages and 
the absolute calendrical ages of such materials as can 
be accurately dated by dendrochronological, historical, 
and archaeological procedures. The most recent and 
comprehensive treatment of these discrepancies is that 
of Stuiver and Suess (1966) in whose paper references 
to earlier work can be found. The present view is that 
the observed disharmonies probably can arise from the 
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TABLE УП-5 


APPROXIMATE CONVERSION OF RADIOCARBON DATES B.P. TO 
THE CHRISTIAN CALENDAR. Note all dates and standard errors 
of counting are multiplied by 1.029 before correction. The 
building of the Via Cassia, probably in 171 B.c., falls within the 
limits set by the mean value for the date of the organic maximum. 
Period С, is supposed to have begun a little earlier. Taking an 
arbitrary date of 2300 в.р. + 123, 1.е., with the same counting 
error as the actual date of the organic maximum, the beginning 
of C; might well fall anytime between 107 and 488 в.с., but more 
probably near the middle than near the extremes of this range. 








Standard 
Radiocarbon 
Date 


Type of Correction Corrected Date 





Stuiver and Suess table 1 
for 1000 в.р. (50 years 
correction) 
Stuiver and Suess table 1 
for 1000 В.Р. (50 years 
correction) 
Arbitrary correction of 50 years 
Arbitrary correction of 75 years 
Minimal arbitrary correction 


984 + 72 B.P. са. 988 A.D. + 75 yrs. 


76 В.Р са. 969 A.D. + 78 yrs. 
1349 + 75 В.Р. са. 610 A.D. + 77 yrs. 
77 В.Р са. 480 А.р. + 79 yrs. 





285 в.с. 

of 50 years f 

Maximal arbitrary correction 2220 + 120 B.P. Uu 50 B.C = 123 yrs. 
by formula for 4000 to 200 в.с. Soe, 


By formula for 4000 to 200 в.с. са. 1200 в.с. + 72 yrs. 








3037 + 70 в.р. 











operation of at least three causes. Two of these possible 
causes, namely changes in solar activity and changes in 
the magnetic dipole moment of the earth, could affect 
the cosmic-ray flux into the earth's atmosphere and so 
the rate of production of С'*. The third possible cause, 
namely changing rates of mixing of "old" oceanic car- 
bon, depleted in С!*, with that in the atmosphere, could 
be due to climatic variation, also ultimately of solar 
origin. Present knowledge of these causes of variation 
is quite inadequate to permit any sort of deductive 
treatment leading to prediction of the divergences of 
radiocarbon and calendrical ages, and some empirical 
basis for the correction must be sought. Stuiver and 
Suess, using wood from datable tree rings, have con- 
structed a table permitting reasonably certain correction 
back to 1000 А.р. Prior to this time the correction is 
more uncertain. Between 250 в.с. and 1000 А.р, the 
radiocarbon ages tend to be 100 to 50 years greater 
than the true calendrical ages, while between 200 s.c. 
and 4000 s.c. there is an increasing tendency for the 
reverse to be true, which can be roughly corrected by 
multiplying the radiocarbon age by 1.4 and subtracting 
1100. It is unfortunate that our historically most in- 
teresting radiocarbon date, namely, 2200 в.Р. for the 
organic maximum, comes from a period for which cor- 
rection is still an uncertain process (table VII-5). 

It should be noted that the most modern determina- 
tions of the half life of C!* are a little lower than the 
standard value of 5568 years usually employed, so that 
for very accurate work 2.9 per cent ot the standard age 
should be added as a correction. Table VII-5 gives the 
best correlation that we are able to make between our 
more recent radiocarbon dates and the Christian cal- 
endar. 
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The earlier radiocarbon dates fall outside the period 
for which any empirical corrections are available. The 
oldest dates may well involve systematic errors of up to 
2000 years, but since all dating at such ages is based on 
radiocarbon, all dates will be essentially comparable. 

Correlation with Pleistocene and Archaeological 
Chronology: Period A corresponds to a time just prior 
to the last expansion (stadium III) of the Wurm 
Glaciation (Wolstedt, 1960; Oakley, 1966). Period B, 
must, in its early part, have been contemporary with 
this glacial maximum and lasted throughout late glacial 
time to just before the Bglling oscillation around 13,000 
В.Р. Period Во 15 essentially early postglacial, corre- 
sponding in other regions to the time of the development 
of mesolithic and neolithic cultures, while period Bs 
would be contemporary with the introduction of metal 
working into western Europe. Period C is defined by 
a change which we conclude marks the beginning of 
Roman activity near the lake. 

In considering the divisions within period B, it must 
be emphasized that our divisions are purely local and 
have little or no relationship to climatic changes or 
pollen periods. Moreover, it should be realized that the 
particular area with which we are concerned has yielded 
practically no archaeological remains that antedate Re- 
publican Rome. Ancient pre-Etruscan settlements have 
been claimed on the tops of hills north of Lago di 
Bracciano, including Monte Lucchetti just south of 
Lago di Monterosi (Cozza and Pasqui, 1894). Ward- 
Perkins (personal communication) is very skeptical, 
though Duncan (1958) feels that such claims cannot 
be summarily dismissed. Some still earlier inhabitants 
are indicated by two flint blades recorded by Duncan 
as surface finds south of Sutri. It 1s probably safe to 
conclude that the landscape immediately around the 
lake largely lacked human inhabitants until Roman 
times. 'The pollen profile suggests some unforested land, 
though in decreasing amounts, to have been present 
throughout the pre-Classical history of the terrain, but 
it 1s possible that this was quite local. Early penetration 
into the region may have been discouraged by thick 
forest, invia et horrenda, as was certainly earlier the 
case to the north, beyond Sutri, during the middle 
centuries of the first millennium в.с. 

The radiocarbon age of the sediments embracing the 
organic maximum, appears, from application of the two 
available approximations for a true date, probably to 
lie between 150 and 285 в.с. Ward-Perkins (see p. 
12) concludes that the Via Cassia was laid out in 171 
B.C. No other event in the last few centuries B.C. is 
known that would have affected the natural history of 
the basin in a radical way. We conclude, therefore, that 
the organic maximum represents the construction of 
the road. We have set the opening of our period C a 
little earlier as there seems to be evidence of a contin- 
uous rise in organic matter over a short thickness of 
sediment. Later we give some evidence (see p. 93) 
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Fic. VII-3. Profile IT, taken in a pit at the eastern end of the 
spur to the south of the lake. The samples were taken in 
the vertical line of the measuring tape in the center of the 
picture at the levels indicated on the right. The dotted 
lines between the indications of these levels correspond to 
the separation into (Пл) soil with roots of herbaceous 
vegetation, (IIs) decomposing volcanic ash with large de- 
composed lapilli and bombs, and (IIc) more stratified fine- 
grained ash. 


that even in Ba there was a progressive increase of 
erosion in the basin and sedimentation in the lake, 
suggesting some disturbance. It seems not unlikely that 
a little settlement and exploitation of the basin and 
adjacent region may have taken place before the official 
work on the road began. 


THE SOURCES OF THE LAKE SEDIMENTS 
AND THE GEOCHEMISTRY OF WEATHER- 
ING IN THE DRAINAGE BASIN 


From the standpoint of its elementary composition, 
the material deposited in the lake can have a number 
of possible sources, and might enter the lake basin by 
the operation of at least five different processes. 

It may (1) be derived by erosion from the rocks of 
the drainage basin, (2) be brought into the basin as 
windblown dust, (3) enter the basin in solution as rain 
falling on the lake or its surroundings, (4) be derived 
from the atmospheric gases diffusing into the water or 
engaging in reactions in the soil, (5) be brought into 
the basin by man. 

There is little doubt that much of the quartz found 
by X-ray diffractometry is brought in by process (2) 
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for quartz is not stable during genesis of most of the 
volcanic rocks of the kind forming the basin of the 
lake and is, in fact, absent from the unaltered lava which 
we analyzed and its immediate decomposition products. 
Most of the sulfur and some of the halogens of the 
sediments have probably been delivered into the basin 
in rain (3). All the organic carbon and nitrogen found 
in the sediments must have ultimately come from the 
atmosphere, and nearly all must have entered the lake 
by process (4). We have no convincing evidence 
of human transport (5), but human activity has deter- 
mined the intensity and nature of the first and fourth 
processes during the past two thousand years. Most 
of the elements that we have determined have clearly 
reached the lake and been deposited within it as the 
result of erosion by process (1). No clear conception 
of the lacustrine sequence 1s, therefore, possible without 
an examination of the weathering processes in the basin. 

As has been indicated, the greater part of the walls 
of the crater are composed of tuff, consisting of rela- 
tively finely divided ash and lapilli among which quite 
large but now much decomposed volcanic bombs can 
be recognized (fig. VII-3). A small amount of lava, 
quite fresh-looking when broken, is exposed above the 
southern shore of the lake. Owing to the porosity of 
the tuff which forms the greater part of the crater 
wall and which underlies most of the neighboring ter- 
rain, no samples of the finer ejecta in an unweathered 
condition are to be expected anywhere in the region. 
The geochemical aspects of pedogenesis can be studied 
in the basin in profiles either on the tuff or on the much 
more limited area of lava. We have a profile of each 
kind, but only in the study of the decomposition of 
the lava can one expect to find clear hints of what 
might have happened early in the history of the lake. 

The material used in the study of the geochemistry 
of weathering consists of samples derived from the two 
profiles just mentioned, I derived from lava, II from 
tuff, and of a composite superficial soil sample collected 
from ten places in the southern, mainly cultivated, part 
of the basin which should represent the kind of mater- 
ial most likely to be carried into the lake at the present 
time. Mineralogical study (see p. 48) shows that this 
composite is more altered than are the other surficial 
materials of the basin. In studying the geochemistry 
of all these materials, it should be borne in mind that 
the lavas of Central Italy are peculiar in their great 
richness in potassium, much of which may be present 
as leucite. Our lava specimen I, would fall in the more 
acid part of the range of analyses of leucitic lavas from 
the region given by Washington (1906: pp. 146-147) ; 
even greater potassium contents are recorded in some of 
his other specimens. In their high potassium contents, 
as well as in their high barium and perhaps their high 
zirconium contents, noted originally by Washington, 
these lavas are more reminiscent geochemically of cer- 
tian acidic rocks than of basaltic volcanics. It must be 
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pointed out that some lava specimens collected by Dr. 
Bonatti, rather west of the profile I exposure, contain 
feldspar, though others of his specimens are clearly of 
the same kind as Ie. A suggestion of the presence of а 
little feldspar in some of the lacustrine sediments, how- 
ever, proved illusionary. Since we have the complete 
profile over I, we have used the latter as a standard, 
but it is possible that the original fresh material ejected 
when the crater was formed had a slightly different 
composition from that of Ie. It is unlikely, however, 
that such supposed differences would alter the argument 
presented in the following pages: 


Profile I was taken just above the level of the Fon- 
tana de Papa Leone and a little to its west. It was ex- 
posed in a bank and consisted of : 

I, essentially an A-horizon supporting herbaceous 
natural vegetation; sample from 10 centimeters depth. 
Mineralogically, it contains analcime, a considerable 
amount of leucite, augite and a clay mineral (fig. 
УП-4С). 

Тв and Ть decomposed lava, the less friable (Ть) being 
mixed with the more decomposed (Тв); sample from 
30 centimeters. Mineralogically characterized by augite 
and analcime and a clay mineral (fig. VII-4D). The 
more decomposed lava contains more analcime and also 
contains a material (see p. 53) giving a broad band at 
4.00 А (fig. VII-4F). Acid treatment of I, (fig. VII- 
4E) reduces the amount of analcime, as would be ex- 
pected, but produces the material giving the 4.00 À 
band. 

I, Undecomposed lava (see p. 32) with leucite 
phenocrysts. Mineralogically leucite and augite (fig. 
VII-4B). A leucite phenocryst (fig. VII-4.4) isolated 
from the lava contained the material giving the 4.00 A 
band. 


Profile II came from the side of the crater rim, south 
of the road leading to the shore of the lake. The ex- 
posure seems to have been made as a small quarry to 
obtain fill (fig. VII-3) and had a vertical face. The 
whole section appeared to be quite damp, particularly 
near the bottom. The section consisted of: 

Пл (0 to 20-30 centimeters) top soil with herbaceous 
vegetation ; sample from 12-15 centimeters. Mineralogi- 
cally (fig. VII-5A) very rich in analcime, with augite, 
the clay mineral and the alteration produce giving a 
band at 4.00 А. One sample contained some quartz. 
Treatment with acid (fig. VII-5B) removes the anal- 
cime and accentuates the 4.00 À band. 

II, (20-30 to 100 centimeters) decomposing volcanic 
ash with large decomposed lapilli and bombs up to 30 
centimeters, some showing white spots presumably al- 
tered from leucite, from 20-30 to 100 centimeters; 
sample from 70 centimeters. Mineralogically (fig. 
VII-5C) like ITA but with more analcime, no band at 
4.00 À. 
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Fic. VII-4. X-ray diffractometer tracings from the lava and its decomposition products. A. leucite phenocryst in lava Г., from 
profile I, exhibiting the L' peak at 4.00 А; B. ground substance of lava I., largely leucite and augite; C. lava (EB-C) col- 
lected by Enrico Bonatti, apparently farther to the west of profile I and containing feldspar; D. slightly decomposed lava 
I» from profile I; E. the same after treatment with НС! showing loss of part of the analcime and the genesis of the 1. 
peak; F. greatly decomposed lava Is; С. superficial soil Is, leucite, analcime, augite and a clay mineral. 
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Fic. VII-5. X-ray diffractometer tracings from the material of profile II and from the composite soil sample. A. topsoil ПА; 


B. the same after acid treatment, analcime being removed and the L’ peak accentuated; C. fine material, IIs, of the inter- 
mediate layer ; D. deep stratified layer IIc, quartz is present; E. The same after acid treatment, analcime removed and the L’ 
peak produced; F. composite soil, quartz present in small amounts with two unidentified peaks; С. the same after acid treat- 
ment, analcime and unidentified peaks removed, the L' peak produced. Note also the genesis of clay minerals (CM) mainly 


halloysite (cf. ig. VII-37). 


Пс (100-200 centimeters) more stratifed; sample 
from 180 centimeters. Mineralogically comparable (fig. 
VII-5D) to IIg, quartz, however, present and augite 
lines rather stronger. Acid treatment produced the 
4.00 А band (fig. VII-5E). 

The composite soil contained less analcime (fig. 
VII-5F) than those of profile II. Some samples con- 
tained the 4.00 À band mineral and there are a few 
unidentified lines; the crystallinity is markedly less 
than in other surficial samples. 

The results of our own analyses, uncorrected for 
organic matter, are given in tables VII-6 and VII-7; 
while the quantities present in the lava, mean decom- 
posed lava, mean topsoil, and mean lake sediment, re- 
ferred to the estimated inorganic material, are presented 
in tables VII-8 and VII-9. Тре last two tables form the 
basis of the present discussion. In them the ratios of 


the mean contents in the decomposed lava samples 
(I, and Ig) are compared with the original lava Ге; 
the mean soil (I4, ПА and Comp.) is compared with 
decomposing lava and the mean lake sediment with the 
soil and the lava as representing the best modern esti- 
mates of the immediate source and the original source. 
АП the reliable ratios implying loss or gain by greater 
than a factor of two, are given in bold face. 

It is immediately apparent that the main change 
during weathering of the lava is a great loss of potas- 
sium, fluorine and, to a rather lesser degree, of sodium. 
There is also a great increase in sulfur and moderate 
increases in chlorine and bromine. These last three ele- 
ments must have come from atmospheric sources, pre- 
cipitated in rain. 

The loss of potassium is clearly associated with de- 
composition of leucite. During the process of weather- 
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SiO» 
A1203 
TiO» 
Fe203 
MnO 
Na2O 
КО 
MgO 
CaO 
РО; 
SOs 


Ignition loss 


Sum 


Estimated inorganic matter 


centigrade. 


IA 


Topsoil 


45.14(57) 

20.41(20.5) 
1.06 (0.90 

10.14 (9.2) 
0.18 (0.19) 
3.06(1.60) 
1.68 (2.47) 
1.76(5.6) 
9.37 (8.8) 


0.84 
0.43 
6.98 


101.05 
94.07 





Ів 
Fully 


decomposed 


lava 


45.86(49) 

17.17 (19) 
0.95(0.90) 
9.56(8.7) 





TABLE VII-6 
MAJOR CONSTITUENTS IN THE MATERIALS OF THE DRAINAGE BASIN ОЕ LAGO DI MONTEROSI (per cent of material dried at 110? 


Ib 
Partly 


decomposed 


lava 


45.61(49) 

16.57 (16) 
1.05(0.85) 
9.76(8.9) 
0.12(0.12) 


| 





ing, analcime is formed, and the formation may well 
be related to the decomposition of the leucite (Barrer, 
1950). Much of the sodium is undoubtedly held back 
in the weathering products, combined as analcime, while 
proportionately more potassium is leached out. In the 
alteration of the ash and lapilli (ПА, Пв) this retention 


Rb 


ТА 


Topsoil 


406 
18 
— (20) 


1235 (900) 
2040 (1300) 


==(25) 
14 
19(26) 
— (40) 
126(130) 
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18 
10 
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27 (23) 
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253 (450) 
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8 
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811 
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12 

5 


Ів 
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decomposed 
lava 
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22 
— (16) 
823 (720) 
1418 (1300) 
== (22) 
13 
20 (25) 
==(35) 
112 (130) 
364 
5 
15 
26 
312 (300) 
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27 (25) 
50 (40) 
110 (80) 


361 (420) 
2 
15 
0.8 
20 (40) 
863 
261 
9 
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Ть 
Partly 


decom posed 


lava 


304 


9 
— (13) 


775 (700) 
1573 (1300) 


— (15) 
15 

22 (29) 
— (42) 


149 (150) 
391 


6 
20 
13 


319 (310) 
4 


26 (19) 
49 (45) 


110 (80) 


339 (400) 
6 


6 
0.6 
25 (40) 


921 
326 


13 
6 


Ie ПА 
Гауа Topsoil 
53.04 (49) 49.84 (50) 
18.60(15) 18.29(17.5) 
0.92 0.90) 0.96(0.92) 
7.08 (8.6) 9.41 (8.7) 
0.11(0.18) 0.16(0.16) 
2.14(1.60) 2.98(3.05) 
6.49 (7.65) 1.32 (1.62) 
1.42(5.2) 1.30 (4.4) 
10.13(11.0) 9.19 (7.9) 
0.85 0.64 
0.09 0.15 
1.09 6.16 
101.96 100.40 
100.87 94.24 
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Пв 
Lapilli 


47.15(50) 
19.92 (16) 


Figures in parenthesis refer to Dr. O. Joensuu's results by optical spectrography, 
other figures by X-ray fluorescence spectroscopy). 


IIc 
Lapilli 


48.96(50) 
18.62 (18) 
1.00(0. 15) 


колл Оњ 00 Ф нагли 
ш Orto оооло мм 


9. 
0. 
3. 
1. 
1. 
8. 
0. 
2. 
4. 





100.89 
96.66 


40 


Composite soil 
Southwestern 
part of basin 


wee eee | YE eee ee Le" 


47.52 (49) 

19.93 (18) 
1.11(0.85) 

10.51 (8.7) 
0.19 (0.12) 
1.76(1.75) 
1.75(2.60) 


O > 
— 
сл 
— 
dt 
о 
М.У 





of sodium is very striking indeed. Rubidium appears 
to be retained or even slightly enriched during the de- 
composition, while cesium exhibits no significant change. 

Calcium is clearly retained during the weathering 
process. The initial behavior of magnesium is uncertain. 
Our low figure for the lava was confirmed when a new 


TABLE VII-7 
MINOR CONSTITUENTS IN THE MATERIALS OF THE DRAINAGE BASIN OF LAGO DI MONTEROSI 


Ic 


Lava 


312 
12 
— (13) 
982 (960) 
2202 (1600) 
— (45) 
18 
12 (23) 
— (40) 
120 (145) 
382 
4 
12 
14 
372 (320) 
5 
20 (28) 
26 (40) 
90 (70) 


109 (450) 
3 
6 
0.9 
48 (30) 
2885 
172 
8 
6 


ПА 
Topsoil 


625 
18 
— (9) 
1237 (950) 
1725 (1100) 
==(25) 
14 
15 (25) 
— (35) 
105 (110) 
359 
6 
14 
27 
377 (320) 
4 


25 (22) 
38 (35) 
112 (85) 


291 (400) 
1 
11 
0.9 
52 (32) 
645 
176 
10 
7 








(parts per million, conventions otherwise аз table VII-6) 


Пв 


Lapilli 


524 
19 
1511 
1764 
16 
13 
109 
361 
3 

14 
14 
404 
4 

22 
30 
116 
27 
53 
13 
227 








Пс 
Lapilli 


362 
16 
922 
1791 
19 
13 
107 
323 
5 
14 
12 
287 








Composite soil 
Southwestern 
part of basin 


478 
16 
— (9) 
1013 (850) 
1808 (1300) 
— (20) 
16 
15 (23) 
—(35) 
119 (110) 
397 


339 (320) 
7 


27 (20) 
40 (35) 
120 (90) 
103 
49 
17 
285 (380) 
2 


9 
0.6 
29 (45) 
789 
811 
17 
4 
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TABLE VII-8 


MAJOR CONSTITUENTS OF THE MAIN KINDS OF MATERIAL IN THE BASIN, NORMALIZED AS PERCENTAGE OF DETERMINED 
MAJOR INORGANIC CONSTITUENTS WITH RATIOS INDICATING GAINS AND LOSSES IN PEDOGENESIS AND 
SEDIMENTATION. Ratios in bold face indicate changes by a factor of at least two. 



































(1) (2) (3) (4) (5) (6) (7) (8) 
ры SOUS Mean 
reve lava (2)/(1) I (4)/(2) lake (6/0) (6)/ (4) 
2n Comp sediment 
SiO; 52.58 49.22 0.94 49.61 1.01 56.30 1.07 1.13 
А10 18.44 18.16 0.98 20.41 1.12 25.13 1.36 1.23 
TiO; 0.91 1.08 1.19 1.09 1.01 1.02 1.12 0.94 
ЕезОз 7.02 10.40 1.48 10.46 1.01 8.77 1.25 0.84 
MnO 0.11 0.15 1.36 0.18 1.20 0.12 1.09 0.67 
Na:0 2.12 1.65 0.78 2.73 1.65 0.81 0.38 0.30 
ко 6.43 2.04 0.32 1.65 0.81 2.06 0.32 1.25 
MgO 1.41 3.11 2.21 1.51 0.49 1.13 0.80 0.75 
CaO 10.04 11.62 1.16 9.65 0.83 1.57 0.16 0.16 
Р.О 0.84 1.12 1.33 0.74 0.66 0.63 0.75 0.85 
50; 0.09 1.49 16.56 1.98 1.33 2.10 23.33 1.06 
TABLE УП-9 


MINOR CONSTITUENTS OF THE MAIN KINDS OF MATERIAL IN THE BASIN, NORMALIZED AS PARTS PER MILLION OF THE DETERMINED 
INORGANIC MAJOR CONSTITUENTS, AND RATIOS INDICATING GAINS OR LOSS IN PEDOGENESIS OR SEDIMENTATION. 
Ratios in boldface indicate changes by a factor of at least two, except where 
the values tabulated are very doubtful. 















































(1) (2) (3) (4) (5) (6) (7) (8) 
diced rd Soil Mean 
Tava lavas, (2)/(1) Мош (4) /(2) lake (6) /(1) (6) /(4) 
g Mean Comp. sediment 
In, Ів 

Rb 309 550 1.78 526 0.96 337 1.09 0.64 
Cs 12 17 1.42 18 1.06 20 1.67 1.11 
Sr 974 862 0.89 1216 1.41 494 0.51 0.41 
Ba 2183 1608 0.74 1941 1.21 1751 0.80 0.90 
Ga 18 15 0.83 15 1.00 29 1.61 1.93 
Sc 12 22 1.83 17 0.77 15 1.25 0.88 
La 119 140 1.18 122 0.87 121 1.02 0.99 
Се 379 406 1.07 434 1.07 533 1.41 1.23 
Pr 4 6 1.50 7 1.17 9 2.25 1.29 
Nd 12 19 1.58 17 0.89 27 1.83 1.29 
Sm 14 21 1.50 17 0.81 20 1.43 1.18 
Zr 369 339 0.92 375 1.11 320 0.87 0.85 
Hf 5 5 1.00 б 1.20 5 1.00 0.83 
Со 20 29 1.45 27.5 0.95 25 1.25 0.91 
Ni 26 53 2.04 36.8 0.69 53 2.04 1.44 
Си 89 118 1.33 119 1.01 119 1.33 1.00 
Zn 41 34 0.83 34(57) | 1.00(1.68)1 68 1.65 2.00 (1.19): 
Pb 54 59 1.09 51 0.86 80 1.48 1.56 
As 11 17 1.55 17 1.00 17 1.55 1.00 
V 108? 377 3.49? 288 0.76 403 — 1.40 
Sb? 3 4 1.33 3 0.75 5 1.67 1.67 
ХБ 6 11 1.83 10 0.91 8 1.33 0.80 
Se 0.89 0.76 0.85 0.81 1.07 1.22 1.37 1.51 
Cr 48 24 0.50 36 1.50 58 0.83 0.64 
F 2860 959 0.34 781 0.81 966 0.34 1.24 
Cl 171 315 1.84 588 1.87 2913 1.70 0.49 
Вг 8 12 1.50 14 1.17 38 4.75 2.71 
I 6 6 1.00 6 1.00 8.8 1.47 1.47 














! Figure in parenthesis includes composite, the other does not 
? Figure very doubtful 
3 Core 2 only 
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TABLE VII-10 


ESTIMATES OF LOSSES OF SODIUM, POTASSIUM, AND CALCIUM FROM THE LAKE. 
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sediment would have same ratio to titanium as in lava; entries marked S on the assumption that 
the ratio would be that of the mean soil. 











Postulated | Mass of Mass of Ti in 
Е sven На сен sediment 
cms. : gr. cm. ^? gr. cm. ^? gr. ст. 2 
Period А 30 31.23 13.26 0.0681 
Period В 60 78.31 45.47 0.2334 
Period С 60 61.12 17.58 0.0906 
Total 





Loss relative to lava 

Loss (or gain) relative 
to mean soil 

Modern quantity in 
400 cm? of water 

Replacements relative 
to loss from lava 

Replacements relative 
to loss from soil 











standard was made up and the analysis repeated, though 
Dr. Joensuu's figures show no difference between I. 
and Ip. All our magnesium data for the materials of 
the basin, based on a concordant set of replicates, are 
lower than his, though we agree reasonably in the lake 
sediment analyses. There seems to be no great overall 
loss of the element in pedogenesis. Strontium апа 
barium show some initial loss ш both our analyses and 
those of Dr. Joensuu. 

In our analyses there is a marked fall in chromium in 
passing from I. to the mean decomposed lava; but Dr. 
Joensuu's data do not show this, and in this case 1t is 
impossible to judge which analyses are best. There are 
a number of cases of small increases of certain elements 
when the weathered lava is compared with the un- 
weathered. In most cases they are unlikely to be of any 
significance. Some may be spurious, owing to difficul- 
ties in standardization already discussed; others may 
depend on the obvious fact that the decomposed lava 
samples were inevitably derived from a shghtly differ- 
ent and more superficial part of the lava flow than the 
sample of the undecomposed lava. It may be noted that 
the rather striking increase in nickel in passing from 
the undecomposed to the decomposed lava in our 
analyses parallels that observed in the case of magne- 
sium. There is, as has already been mentioned, some 


increase in chloride and a very great increase in sulfur - 


during pedogenesis with a small later decrease as the 
lake sediments are formed. The initial increases must 
be derived from atmospheric precipitation. 

In passing from the decomposed lava to the soil 
there is very little significant change. Sodium appears 
to be enriched, and to a less extent strontium, at least 























51 
Entries marked L calculated on assumption 
Na Na K K Ca Ca 
estimated observed estimated observed estimated observed 
gr. ст. 2 gr. cm. 2 gr. ст. 2 gr. cm. 2 gr. ст. 2 gr. ст. 2 
0.1951, 0.084 0.6721, 0.208 0.8961, 0.093 
0.2105 0.1435 0.7205 
0.6701. 0.240 2.3041, 0.700 3.0691, 0.302 
0.7215 0.4905 2.4675 
0.2601, 0.071 0.9871, 0.206 1.1911, 0.297 
0.2805 0.1905 0.9585 
1.1251, 0.395 3.9631, 1.114 5.1561, 0.692 
1.2115 0.8235 4.1455 
--0.730 — 2.849 — 4.464 
— 0.816 0.291 — 3.453 
0.0092 0.0032 0.0080 
79 980 558 
89 — 432 


in the soil of profile II, and magnesium impoverished. 
When we examine the mean composition of the lake 
sediments in relation to the lava on the one hand and 
the soils on the other, the most striking results are the 
very great losses in sodium, calcium, and strontium 
which occur as the material of the basin passes into 


the lake. Rubidium also exhibits a fairly significant 


loss; cesium does not, but the amount present is, of 
course, very small. Aluminum and gallium are clearly 
enriched throughout the sediments. There seems to be 
a slight gain in zinc; in view of the high and possibly 
artificial zinc content of the composite soil sample the 
history of this element in the basin is hard to elucidate. 
There appears to be some fixation of lead and chromium 
in the formation ot the lake sediments. Bromine shows a 
very striking enrichment and must be largely of atmo- 
spheric origin. 

We may conclude, therefore, that in the formation 


of the sediments the principal changes in elementary 


composition were losses of potassium, fluorine, and 
some sodium, strontium, and barium by leaching proc- 
esses early in pedogenesis, followed by losses of calcium 
and some sodium, rubidium, and strontium during the 
erosion and deposition of the material in the lake. 
Marked increases in sulfur and in chlorine and bromine 
clearly are of atmospheric origin. 

In table VII-10 we have estimated very roughly the 
kind of losses and the rates of replacement to be ex- 
pected in the cases of the most mobile major constit- 
uents. It is assumed that the average thickness of the 
sediment is 150 centimeters, of which 30 centimeters 
are attributable to zone A, and 60 centimeters each to 
zones B and C. The quantities of dry matter deposited 
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per square centimeter in each period can be determined 
from the densities (table VII-30) and the water con- 
tents. The quantity of titanium deposited is then de- 
termined from an average analysis of the sediment 
uncorrected for organic matter. It 15 then possible to 
determine the expected amounts (L) of sodium, potas- 
sium, and calcium on the assumption that titanium 1s 
conservative and that the ratios of elements in the lava 
I, represent the source material. It 15 also possible to 
estimate losses after pedogenesis by doing the same cal- 
culation(S) using elementary proportions in the mean 
soil. We thus can estimate roughly the total loss рег 
square centimeter of lake surface of the elements under 
consideration and also the loss that took place as solid 
material was washed into the lake. Actually reference 
of all materials to titanium as supposedly the most 
conservative element is a refinement that does not add 
very much to what would be concluded by using the 
percentage composition of the source materials and 
sediments. 

Assuming a mean depth of water of 4 meters which 
is reasonable throughout period C until the artificial 
lowering of the lake level during this century, and water 
of present-day composition, the number of replacements 
of the water needed to produce the loss can be calculated. 
The resulting figures are, of course, mere approxima- 
tions; the lake was certainly much more dilute and 
probably much shallower during period B. There is, 
however, no evidence of any period of high salinity 
throughout the history of this lake and the loss of water 
and of its dissolved salts must be by seepage through 
the more unconsolidated volcanic materials of the lake 
basin. It is evident that in the case of potassium where 
all the loss takes place early in the pedogenetic process, 
about one thousand replacements would be needed to 
remove the amount of the element lost. This would 
correspond to a minimum of 4 X 10? cubic centimeters 
per square centimeter of water leaving the lake by 
seepage in the course of its history, or roughly at least 
20 cubic centimeters per square centimeter per year, 
which would not seem to be an unreasonable estimate 
for what is admittedly a minimum figure. 

In view of the possibility that the lava I, is not quite 
typical of the original source material, a few analyses 
of other samples are given in table VII-11. 
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Exchangeable Cations and Losses on Leaching: The 
losses that occur in weathering can be profitably com- 
pared with those taking place when the various mate- 
rials of the basin are leached artificially in different 
ways (table VII-12). 

Considering first the undecomposed lava Ile, it ap- 
pears that about? 1.6 per cent of the calcium behaves 
as though it were exchangeable; treatment with 0.4N 
НСІ liberated a further small fraction of about 0.7 per 
cent. No detectable amount was liberated by bubbling 
СО» through a suspension of the ground lava in distilled 
water. The exchangeable magnesium of the lava com- 
prises only about 0.7 per cent of the total. Again none 
seems to be liberated by СО» in water in short-term 
experiments, but 0.4N hydrochloric acid dissolved an 
additional 5.6 per cent over that which is apparently 
exchangeable. Strontium behaves similarly but a little 
seems to be liberated by СО» in water. The greater part 
of all three of the alkaline earth cations studied must, 
as would be expected, be very stably combined in the 
lava. 

The exchangeable sodium and potassium are likewise 
very small compared with the totals, 0.9 per cent and 07 
per cent, respectively, with still less removed by СО» 
in water, but treatment with 0.4N hydrochloric acid 
produces a great liberation of both cations, namely 28 
per cent of the total sodium and 35 per cent of the total 
potassium. While in gentle treatment with ammonium 
acetate, calcium 15 the most mobile of the cations, more 
rigorous treatment clearly liberates a great quantity of 
the alkalies, most notably potassium. Since there is a 
diminution of the leucite peaks in diffractograms after 
acid treatment, as would be expected, it 1s reasonable 
to suppose that a major source of the potassium lost 
1s from that mineral, though the presence of quite well- 
developed though less high leucite peaks after leaching 
indicated that much of the mineral remained under the 
particular conditions of the experiment. 


2 All estimates in the present section are based оп determi- 
nations of exchangeable cations referred to oven-dried ma- 
terial and on the uncorrected figures for the total composition 
of the various materials of the basin. There is quite likely a 
small error introduced by differences in water content of the 
two sets of samples, but this makes practically no difference in 
the percentages given to two significant figures. 


TABLE VII-11 


ANALYSES FOR CERTAIN ELEMENTS IN THE VARIOUS LAVAS OF THE BASIN 





Na:0 КО MgO 
% % % 
I, leucitite 2.14 6.49 1.42 
E-B leucitite 2.60 6.52 4.57 
E-A leucitite porphyry 3.04 7.44 0.86 
E-C trachyte porphyry 1.99 6.08 2.04 
Mean 2.44 6.63 2.22 
Wellman, mean estimate 2.16 6.64 4.45 
I, (О. Joensuu) 1.66 7.65 5.2 


TiO» Ее2Оз Sr Ba Zr 
О © 0 р.р,т р.р.т р.р.т 
0.92 7.08 1237 2184 372 
0.79 7.29 1399 1746 325 
0.50 4.25 3143 3492 584 
0.91 6.57 1241 1238 376 
0.78 6.30 1755 2165 414 
9.85 — 14.82 — — — 
0.90 8.58 960 1600 320 
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TABLE VII-12 


EXCHANGEABLE CATIONS AND CATIONS EXTRACTABLE WITH HYDROCHLORIC AND WITH CARBONIC ACIDS FROM THE 
MATERIALS OF THE BASIN ; PARTS PER MILLION. Figures in parentheses indicate percentages 
of the elements that are extractable. 


Li Na K Mg Ca Sr 
Exchangeable cations (Ammonium 
acetate at pH 7) 

Undecomposed lava Г 1.7 147 (0.92) 377 (0.7) 56 (0.7) 1135 (1.6) 6 (0.6) 

Partly decomposed lava I, 3.6 300 (3.3) 1371 (8.5) 339 (1.8) 2783 (3.5) 13 (1.7) 

Decomposed lava [в 1.3 609 (4.5) 703 (4.6) 122 (0.8) 1523 (2.0) 7 (0.9) 

Top soil [А 2.6 403 (1.8) 922 (6.6) 311 (2.9) 2766 (4.1) 15 (1.2) 

Soil over lapilli Пл 3.0 919 (4.2) 1217 (11.1) 243 (3.1) 3188 (4.9) 18 (1.5) 

Upper sample of lapilli IIg 2:2 1085 (2.9) 947 (7.3) 200 (2.7) 2443 (3.7) 8 (0.5) 

Lower sample of lapilli IIc 2.7 821 (3.6) 2055 (3.4) 569 (6.4) 3881 (6.1) 12 (1.3) 

Composite soil sample 2.7 460 (3.5) 1207 (8.3) 506 (6.7) 3436 (5.3) 15 (1.5) 
Acid extraction (0.4N.HCI) 

Undecomposed lava I. 1.2 4397 (27.7) | 19,055 (35.4) 541 (6.3) 1635 (2.3) 27 (2.1) 

Partly decomposed lava I, 5.6 2400 (26.5) 5,200 (32.3) 368 (1.9) 2400 (3.0) 19 (2.5) 
CO; in distilled water 

Undecomposed lava I; 1.3 81 (0.5) 46 (0.08) 0 0 16 (1.6) 

Partly decomposed lava I, 1.3 101 (1.1) 101 (0.6) 0 0 8 (1.0) 


In the partly decomposed lava Ть, exchangeable cal- 
cium is still quite small, about 3.5 per cent of the total. 
Leaching with hydrochloric acid decreased rather than 
increased the amount dissolving. 

The proportion of exchangeable magnesium in I, 15 
slightly increased, to about 1.8 per cent of the total. 
The amount liberated by acid is hardly more than that 
leached by ammonium acetate. There is a small decrease 
in total strontium, but a doubling of the exchangeable 
fraction in passing from І, to Гр, with a slight further 
amount liberated by hydrochloric acid. The curious 
fact that the amount of calcium liberated by acid is 
actually less than the exchangeable fraction in the partly 
decomposed lava may perhaps be connected with the 
synthesis of a material giving a broad band around 
4.00 À on the diffractograms of all acid-treated and some 
untreated surficial materials from the Monterosi basin. 
Barrer and Marshall (1964) have prepared an arti- 
ficial barium zeolite with one of its peaks in this position. 
Without isolating the mineral, which is impossible with 
the material at our disposal, we cannot go further in 
the identification, but it is not unlikely that the band 
represents something interesting. 

The fully decomposed lava I», though slightly poorer 
in total calcium and magnesium and slightly richer in 
total strontium than is the less decomposed I», yields 
proportionally much less exchangeable alkaline earth 
cations to ammonium acetate; the quantities obtained 
are roughly a half of what would be produced by 1. 
The behavior of potassium 15 similar to that of the 
alkaline earths, but that of sodium 15 different, the 
total quantity being greater in Ig than in I, by a factor 
of 1.5, while the exchangeable sodium 15 greater by a 
factor of 2. 

In the topsoil of I4 there 15 a decrease in total but 
an increase in exchangeable calcium, magnesium, and 


potassium. Total sodium and strontium are markedly 
higher than in Ig, and exchangeable sodium, but not 
strontium, is lower. 

The material of profile II is very much enriched in 
sodium particularly in the middle; the exchangeable 
sodium 15 slightly higher than in the other materials, 
but its proportion is no greater than in the samples of 
profile I. Evidently the increase in sodium is due to 
some relatively insoluble material, presumably analcime. 
The other exchangeable cations in the other upper 
samples are comparable in concentration to those of the 
two decomposed lava samples ; a somewhat greater pro- 
portion of calcium is exchangeable and this is markedly 
true in II. of magnesium and potassium also. 

The composite soil is richer in exchangeable magne- 
sium and calcium than are either I, or ПА, resembling 
the former in its exchangeable potassium. 


VERTICAL DISTRIBUTION OF INDIVIDUAL 
ELEMENTS IN THE LAKE SEDIMENTS 


The distributions of the various elements studied are 
considered in the following pages, in which the elements 
are arranged more or less according to the coherent 
geochemical groups of the periodic table. In table VII-13 
the significant (P<0.001) simple correlation coeffi- 
cients between concentrations based on figures uncor- 
rected for organic matter, both cores being taken to- 
gether, are presented together with such significant 
pattern correlations as were observed. 

The Alkalies: Lithium was determined only in core 
2, and the exchangeable fraction alone could be studied. 
This fraction appears to rise slightly and irregularly in 
passing from the deeper zones A and B into zone C, 
much as does the exchangeable sodium. On May 26, 
1961, both the central water and the Fontana di Papa 
Leone contained 0.06 parts per million lithium. 
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TABLE VII-13 


Left lower half, correlation coefficients between concentrations of elements uncorrected for ignition loss, significant to P < 0.001. 
Upper right half, deviations from perfect agreement in corrected data (except for I.O.M. and НО) in the pattern of increases or 


decreases between levels. 


In core 1 (above) the probability of complete agreement due to chance 15 < 10-4, of one divergence 


< 10-3 and of 3 divergences < 10°; in core 2 (below) the probability of 2 divergences is < 10^, of 3 divergences is < 10, of 5 


divergences is < 10? and of 7 divergences is < 107. 


In the case of nickel for which no significant correlation coefficients were ob- 


tained, significant pattern correlations were observed in core 1 with cobalt (3 disagreements) and in core 2 with iron and cobalt 


(six disagreements), arsenic and zinc (seven disagreements). 
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The total quantities of the other alkalies, along with 
the exchangeable sodium and potassium, were deter- 
mined in both cores. Table VII-14 gives a comparative 
summary of the results presented to show their relation- 
ships to certain other quantities of interest, while the 
details of the vertical distribution are presented in 
figures VII-6 and VII-7. It will be apparent that the 
sediment is much poorer in sodium and potassium than 
is the lava, and much poorer in sodium than are the 
decomposed materials in the basin. In its upper layers 
the sediment is somewhat richer in rubidium than the 
lava though poorer in this element than are the soils. 
Little significance can be attached to the details of the 
variation of the very rare element caesium though in 
general it behaves concordantly with rubidium, as might 
be expected. 
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Both total sodium and total potassium vary more or 
less concomitantly, the correlation coefficients being 
0.7718 for core 1 and 0.5117 for core 2, significant to 
the 0.001 and 0.01 levels, respectively. For the whole 
body of data (table VII-13) the correlation is 0.6869, 
significant far beyond the 0.001 level. The lower cor- 
relation in core 2 is due to the greater representation of 
zone A, in which sodium appears to rise earlier than 
does potassium. There is also a very high correlation 
between potassium and fluorine, which is of interest 
since this element also appears to behave in weathering 


essentially like the two common alkalies (see p. 48). 


The concentrations of both sodium and potassium rise 
to maximum values in B,, and then fall rather irregu- 
larly to minimal values at the bottom of Сү; potassium 
remains low throughout zone C, but sodium tends to 
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have higher values in С». The significance of the rather 
large irregular variations in zone B may appear problem- 
atic, but there 1s very clear concordance between those 
shown by potassium and the variations of magnesium, 
particularly in core 2. Such concordance is most unlikely 
to be due to instrumental error, and suggests that the 
observed maxima and minima are part of a fairly com- 
plex pattern that was probably not adequately sampled. 

In all the surficial materials of the drainage basin 
other than I, and Ig, sodium 15 enriched. In profile II 
this is very striking and in all cases 15 probably due 
to the formation of the sodium-containing zeolite anal- 
cime. Even in the composite soil in which most of the 
analcime must have been decomposed, there is some 
enrichment in sodium, giving а NagO/K2O ratio of 
1.01. In the lake sediments the ratio varies irregularly 
around the value for the lava (0.33) and is never in 
excess of 0.7. If the most recently deposited sediments, 
at the tops of the cores, are compared with the modern 
surficial materials from which they must have been 
derived, sodium is seen to be lost on a large scale during 
the process of sedimentation. Examination of the water 
analyses appears to indicate that some exchange of 
potassium in the water for sodium in the sediments is 
indeed actually occurring in the lake. Two sets of 
analyses of waters collected three years apart were 
analyzed by different techniques; both give concordant 
results, with more sodium and less potassium in the 
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Fic. VII-6. Distribution of the alkali elements in core 1. 
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TABLE VII-14 


DISTRIBUTION OF ALKALIES (PARTS PER MILLION) ; ALL NORMAL- 
IZED TO TOTAL INORGANIC, EXCEPT VALUES IN PARENTHESIS FOR 
EXCHANGEABLE SODIUM AND POTASSIUM WHICH ARE REFERRED TO 
THE WHOLE SAMPLE ; THE NORMALIZED VALUES WOULD BE ABOUT 
10 PER CENT GREATER. Water analyses in square brackets refer to 
May 26, 1961; these were made with the flame photometer, while 
those unbracketed from water collection May 26, 1964, were by 
X-ray fluorescence on the residue. Mean lake sediment values are 
weighted for mass of dry inorganic sediment in average thickness 
of each layer, А being taken as 50 centimeters. 

















2.0 О 0.5 


Ха к КЬ Cs 

Lava (Те) 15,700 (147) | 53,900 (377) | 309 12 
Decomposed lava (Ib, Is) 12,200 (453) | 17,000 (107) |550 17 
Mean soil (ТА, Па, Comp.) | 20,200 (594) | 13,700 (948) 526 18 
Mean sediment 6,009 (269) | 17,100 (626) |337 20 
Zone А 7,200 (309) | 17,900 (603) 329 21 
Zone B 6,220 (245) | 18,100 (536) 260 18 
Zone C 5,050 (352) | 14.700 (1033) | 486 24 
Lithosphere (Taylor) 23,600 20,900 90 3 
Water of lake (central) 20 (24] 8 [9] 0.062 0.00045 
Water of lake (littoral) 26 7 0.061 0.00047 
Water of Fontana di Papa 

Leone 14 [15.5] 16 [18] 0.016 0.00056 
Fresh water (Bowen) 6.3 2.3 0.0015| 0.0002 











water of the lake than in that of the Fontana di Papa 
Leone. The additional sodium appearing in the lake 
water must be derived from the more loosely held 
sodium of the surficial materials that have washed into 
the lake; this sodium will be lost by seepage. Initially 
the loss of potassium from the water is probably due 
to uptake by the rich carpet of higher vegetation on the 
25 0 0.5 
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As in all subsequent figures of this kind, the unmarked curves indicate 


concentrations based on the total sediment, those marked Х inorg. indicate concentrations referred to the sum of the inor- 
ganic constituents as determined by X-ray fluorescence spectroscopy. 
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Fic. VII-7. Distribution of the alkali elements in core 2. 


bottom of the lake, but some of it 1s likely to be later 
fixed in the sediment. 

The exchangeable fractions of both sodium and po- 
tassium are small proportions of the total concentrations 
and are distributed quite differently from the non-ex- 
changeable. They rise in both cases at the bottom of zone 
C and have their highest values where the total and, a 
fortiore, the non-exchangeable fractions are lowest. The 
increase in sodium, however, is quite small and that of 
potassium takes place at a rather higher level than does 
the comparable increase in alkaline earths. 

The general distribution of sodium and potassium 15 
closely paralleled by that of fluorine, assuming the valid- 
ity of the analyses for that element,? but not by any of 
the other major constituents. It can hardly be acciden- 
tal that these three elements are the ones most easily 
removed in the initial stages of the weathering of the 
lava. The simplest hypothesis to explain the distribu- 
tion of the two alkalines 1s that their concentrations, at 
least in zone À and the lower part of B, reflect the 
degree of leaching that the material carried into the 
lake had undergone in pedogenesis or on its journey to 
the site of deposition. The sediment deposited during 
Bı would represent material not unlike the decomposed 
lavas I, and Ig; all other material would have lost 
more alkalies to the lake water which was seeping out of 
the basin. This explanation of the observed distributions 


3 Треге seems to be no interference due to potassium, though 
such interference might seem a logical, if uninteresting, expla- 
nation of the results. 


appears, however, to be irreconcilable with the data 
relating to other elements. If the sediment deposited at 
the times of the potassium maximum 1n B, is rich in 
the element simply because it has lost less than have 
the materials at other levels, we should expect it to be 
relatively still richer in rubidium, for rubidium 15 clearly 
less mobile than potassium 1п the initial stages of de- 
composition. 

Actually the rubidium content is minimal when the 
potassium is maximal. The distribution of rubidium 15, 
moreover, not unique. À number of other elements, 
notably strontium,* zinc, and most of the rare earths, 
exhibit comparable distributions with minima in zone 
B. It is very hard to see how potassium, sodium, and 
fluorine would have suffered less loss than these ap- 
parently less mobile elements. 

We are left, therefore, with the alternative hypothesis 
that the deeper sediments, particularly in Bı, have 
taken up the two common alkalies and fluorine from 
the water passing through the basin in which, owing to 
the initial solubility from the volcanic materials under- 
going decomposition, the concentration may well have 
been higher than it is in the water today. Such water 
would have had a slightly alkaline pH owing to the 
presence of sodium and potassium bicarbonate. In the 
case of fluorine, as will appear later (p. 80), there 1s 
a suggestion of the formation of a non-apatitic fluorine- 


4 The possibility of confusion of rubidium and strontium was 
considered as a potential analytical error. The association is 
much less close in the materials of the basin. 
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containing substance in the deep sediments. In the 
cases of sodium and potassium, all we know 15 that the 
exchangeable fraction 1s low when the total concentra- 
tion 15 high, so that whatever process is involved is not 
base exchange sorption. It 15, however, difficult to sug- 
gest any reasonable chemical alternatives by which a 
sediment of the kind deposited could fix both sodium 
and potassium tenaciously. The full meaning of the 
distribution of the two common alkalies, therefore, 
remains unelucidated. If chemical fixation was involved, 
it is reasonable that the effects should be most apparent 
in layers deposited when mechanical sedimentation was 
minimal. 

Rubidium, as has been indicated, behaves quite differ- 
ently from potassium, the simple correlation coefficients 
between the concentrations of the two elements being 
highly significant but negative, —0.8131 in core 1 and 
—0.7763 in core 2. In zone А the concentration is com- 
parable to that of the lava. There is a moderate decrease 
to a minimum in B,, and throughout the whole of zone 
B the concentrations remain low, rising to maximal 
values in zone C. At the top of both profiles the rubid- 
ium contents are definitely higher than that of the un- 
decomposed lava, though rather less high than in the 
average decomposed material of the basin. 

The qualitative pattern of the Rb/K ratio in general 
follows that of the rubidium concentration; but as po- 
tassium tends to be high when rubidium is low and 
vice versa the relations are exaggerated, the maximum 
and minimum values of the ratio differing by almost 
a factor of four, being 0.95:100 in В; and 3.77 :100 at 
the top of С» in core 2. This variation is, however, 
smaller than in the source materials of the basin where 
it ranges from 0.58:100 in the undecomposed lava to 
5.7 :100 in the soil at the top of profile II. The minimal 
values for rubidium in zone B possibly represent the 
quantities of the element left after prolonged leaching 
of surficial materials of the basin that were slowly being 
carried into the lake. This suggestion is in fact the con- 
verse of the naively simple first explanation of the distri- 
bution of sodium and potassium. During the process 
some of the leached rubidium must have become associ- 
ated with the surficial materials now developing as 
soils in the basin, producing, as with sodium, a consid- 
erable enrichment relative to potassium. This is clear 
empirically from the analyses of the various possible 
source materials, even if it 1s not clear why rubidium 
and sodium should seem to behave similarly to each 
other and differently from potassium. 

Later, we may suppose, that some of the material 
enriched in rubidium was eroded when rapid denudation 
and deposition began in period C. The increased rubid- 
ium content of that zone would, therefore, be explained. 
Unlike the case of sodium, the rubidium carried into 
the lake in these sediments was evidently relatively 
insoluble and much of it has remained in the solid 
phase. If the water analysis of the Fontana di Papa 
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Leone is reliable, and there is no reason to doubt it, 
it 1s evident that rubidium 1s, like sodium, passing from 
the sedimenting material into the lake water. The very 
low rubidium content of the water of the Fontana sug- 
gests strong sorption of the element in the ash layers 
through which the water has percolated and this would 
be in line with the considerable enrichment in parts of 
profile 11. 

It must, however, be noted that the same sort of 
minimum in zone B 15 exhibited by some of the rare 
earth elements which are actually enriched throughout 
the sediment column, though less in zone B than in 
zones A and C. The simple hypothesis of leaching over 
various lengths of time before mechanical erosion and 
sedimentation occurred, which would work well for 
rubidium obviously cannot apply in the cases of enrich- 
ment. Some caution, therefore, is needed in interpreting 
the patterns. 

The very great variation of the rubidium concentra- 
tion and particularly in the Rb/K ratio in the materials 
of the basin is of considerable potential interest as it 
is easy to see that plants growing on such materials, 
perhaps within a few meters of each other, could, in 
taking up equivalent amounts of potassium, end up 
having very different rubidium contents. 

Cesium appears to be a more conservative element 
than rubidium though the two elements are significantly 
correlated in their behavior. The concentration in all 
layers is greater than in the lava, on an average by a 
factor rather under two, and the average sediment 15 
slightly higher in cesium than are the source materials. 
It is again evident that the slowly deposited material 
of zone B 1s lower in the element than are zones A and 
C; slight enrichment presumably from soils containing 
more cesium than does the lava, 1s apparent in both 
zone A and zone C. 

The Alkaline Earths: Beryllium was determined at 
a few levels by Dr. Joensuu who found from 7.5 parts 
per million (core 1, 248 centimeters) to 16 parts per 
million (core 2, 280 centimeters) in period A and inter- 
mediate (11-14 parts per million) amounts in a few 
samples from periods B and C; no pattern can be 
discerned in the limited data. A summary of the distri- 
butions of the other alkaline earths is given in table 
VII-15, and the details of the variation are apparent in 
figures VII-8 and VII-9. 

Magnesium is, in general, impoverished relative to 
the lava, and still more so relative to the surficial source 
materials throughout the lake sediments. The quantity 
is relatively constant in zones A and B, the concentra- 
tion in the former averaging a very little higher than 
in the latter. Such slight variations as are observed seem 
not to be correlative in the two cores, but are clearly re- 
lated to the variations in potassium. The meaning of 
this is, however, far from clear as we do not really 
understand the behavior of potassium. In zone C the 
magnesium content rises, reaching a maximum at the 
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Fic. VII-9. Distribution of alkaline earth elements in core 2. 
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TABLE VII-15 


DISTRIBUTIONS OF ALKALINE EARTHS, CONVENTIONS 
AS IN TABLE VII-14 


Mg Ca Sr Ba 
Lava (Ic) 8500 (56) |71,800 (1135) 974 (6) 2183 
Partly decomposed 

lava (Ip, Is) 18,800 (231) | 83,000 (2153) 862 (10) 1608 
Mean soil (Ia, ПА, 

Comp.) 9,100 (353) | 69,000 (3130) | 1216 (16) 1941 
Mean sediment 7,490 (502) | 11,200 (3934) 494 (76) 1751 
Zone A 6,510 (420) 6,720 (3413) 460 (67) 1975 
Zone B 6,180 (418) | 7,750 (3655) 403 (68) 1668 
Zone C 8,230 (913) | 20,300 (5442) 726 (115) 1776 
Lithosphere (Taylor) | 23,300 41,500 375 425 
Water of lake (central) 7 (7) 18 (20) 0.57 (1.5) 0.044 
Water of lake (littoral) 8 21 0.64 .038 
Water of Fontana di 

Papa Leone 7 (7) 19 (20) 0.68 (1.0) 0.45 
Fresh water (Bowen) 4.1 15 0.08 0.054 


С./Сь boundary, as is also the case with calcium. The 
slight minimum in the middle of C, is also demonstrated 
by both elements. The exchangeable magnesium consti- 
tutes a small fraction, about 7 per cent in the deeper 
layer and about 12 per cent in zone C, of the total, and 
follows the general pattern, but not the details of distri- 
bution, of the total magnesium, rising in zone C. 

Calcium tends to increase with time, being roughly 
four times as concentrated at the top as at the bottom 
of the sediment. Unlike magnesium, calcium is slightly 
more concentrated in zone B than in zone A, but the 
very great increase comes in entering zone C. About 
half the calcium ш the deeper layers, but only a little 
over one-quarter in zone C, 15 exchangeable. The curve 
for exchangeable calcium thus shows a relatively less 
striking increase in C than does that for total calcium. 
There 15, however, a well-marked maximum in ex- 
changeable calcium at the B3/C, boundary when bio- 
logical productivity suddenly rose in the lake. The 
higher values of calcium in zone C presumably reflect 
rapid erosion and sedimentation of material retaining 
a great deal of the original supply of the element. At 
no level in the lake sediment, however, does the calcium 
content approach what it 1s in the surficial deposits of 
the basin ; most of the calcium that had been retained in 
pedogenesis must have dissolved as bicarbonate and 
been lost by seepage as erosion and sedimentation in 
the lake basin took place. 

In figure VII-10, the non-exchangeable CaO of core 
2, obtained by interpolating the exchangeable calcium 
and subtracting from the totals for the levels subject to 
X-ray fluorescence analysis, is plotted against P$O;. 
The same quantities are also plotted for the materials 
of the basin. This treatment emphasizes the enormous 
difference in calcium content between the sediments 
and their immediate sources. It also indicates that, ex- 
cept at the top of the core in zone C» and the upper- 
most layer of Сі, all the non-exchangeable calcium could 
be, and we suspect is, present as apatite. There seems 
to be some other form of non-exchangeable calcium in 
the most recent sediments. Its nature is not clear; it 
is probable that under the condition of our extraction, 
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finely divided calcium carbonate would appear as ex- 
changeable calcium. Presumably this non-apatitic cal- 
cium-containing phase is the same as that present in 
much greater quantities in the weathered materials of 
the basin. 

The ratio Mg:Ca is about unity in zone A, falling 
to 0.74 in zone B and 0.40 in zone C. The ratio for the 
exchangeable magnesium and calcium is very much 
less, 0.12 in zones А and B rising to 0.17 in zone C. 
This means that initially non-exchangeable magnesium 
is about twice as abundant as non-exchangeable calcium, 
while in zone C in which both elements are more abun- 
dant, the relationships are reversed. Presumably the 
non-exchangeable magnesium forms an integral part 
of the clay and glassy aluminosilicate material of the 
sediment. 

In its general distribution, strontium 1s intermediate 
in behavior between calcium and magnesium, having its 
minimum concentration like magnesium in zone B rather 
than zone А but rising proportionately in zone C more 
than does the latter element. The strontium concentra- 
tion in zone А is rather under half that in the lava. The 
concentration declines to a minimum at the В;/В› 
boundary and then rises slowly and irregularly as the 
Вз/С, boundary is approached. Here, there is a marked 
increase in the element though this increase is propor- 
tionately not as great as in the case of calcium. Within 
zone C the minor variations in calcium and strontium 
are highly concordant, so that the Sr:Ca ratio varies 
little from 35:1,000, a value close to that of the lake 
water, namely 31:1,000. These figures are in striking 
contrast to 70:1,000 in the sediments of zone A; in zone 
B an intermediate average figure of 47:1,000 is ob- 
served. 

The exchangeable strontium constitutes about 15 
per cent of the total at the bottom and about 24 per 
cent in zone C. The ratio of exchangeable strontium 
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Fic. VII-10. Non-exchangeable CaO plotted against P2Os, for 
all available material. The immense loss of calcium in the 
formation of the sediments 1s apparent; all calcium present 
in the latter except at the top of the core in zone Cz could 
be present as hydroxyapatite. 
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to exchangeable calcium 15 relatively constant at about 
20:1,000 throughout, considerably lower than in the 
total, and a fortiore in the non-exchangeable fractions. 
These differences emphasize the greater mobility of 
calcium. 

Barium is distributed quite differently from the other 
alkaline earths, and clearly 15 controlled in a different 
way. In core 2 there 15 a striking maximum at the top 
of zone A, which is perhaps also feebly represented in 
core 1. There is a minimum іп В; and a rather less 
striking maximum in В» in both cores, with a decline 
in Bs, most notable in core 2. Within C there is a maxi- 
mum at ће C,/C» boundary or a little below it, and a 
fairly clear minimum in Co, which latter feature is the 
only one that is really comparable to anything observed 
in the other alkaline earths. Barium is clearly being 
sedimented from the water at the present time, as is 
indicated by the great decrease in the concentration of 
the element when the water of the Fontana di Papa 
Leone is compared with that of the lake. If all the sulfur 
in the spring water were sulfate, which 1s probably not 
the case, the ionic product [Batt] [SO4=] would be 
about 4.0 X 10-19. In the lake the product would be 
0.2 X 10-19. Since the solubility product of BaSO, at 
18°C is 0.86 X 10-1, it is probably legitimate to sup- 
pose that part of the barium in the spring water is 
precipitated as sulfate when the water is oxygenated. 
It, therefore, seemed possible that the maxima and 
minima in the deeper parts of the core are related to 
oxidation and reduction of sulfur compounds in the 
basin. Though the two cores are not extremely con- 
cordant, in both there is a hint of an inverse relation 
between iron and manganese on the one hand and bar- 
ium on the other in zone B. The very large iron maxi- 
mum associated with the organic maximum in core 1, 
which must be very thin as it was evidently not properly 
sampled in core 2, is very clearly associated with a 
barium minimum. There is a quite significant correla- 
tion (table VII-13) with aluminum, zirconium, gallium, 
and titanium, suggesting that possibly BaSO, behaves 
at times as a residuate material; the correlation with 
lead is less easily explained. 
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In terms of events in the basin and lake the meaning 
of these apparent correlations is far from clear. The best 
interpretation of the iron maxima 1s that they represent 
periods of reduction in the basin followed by oxida- 
tion of iron in the lake (see p. 70). This process, how- 
ever, should lead to increased solution of barium in the 
basin in the absence of SO4= and later, on oxidation, 
precipitation of BaSO, in the lake along with ferric 
hydroxide. Clearly this did not happen. 

Boron: The element was determined by Dr. Joensuu 
in six sediment samples, giving values from 30 to 45 
parts per million; no vertical pattern is apparent. The 
mean of 40 parts per million is greater than that for 
the mean soil (23 parts per million) or decomposed 
lava (20 parts per million) but less than that of the un- 
decomposed lava (45 parts per million). It 1s evident 
that boron 15 not lost in quantity from the lake. 

Silicon and its Various Phases: The four quadriva- 
lent residual elements are distributed fairly evenly 
throughout both cores, but in the details of their distri- 
bution they show a number of features of interest and 
importance. The broad features of the distributions are 
given in table VII-16, and in figures VII-11 and VII-12. 

In view of the separation of the silica into quartz, 
opal, and aluminosilicate fractions, it has seemed best 
to discuss this material independently of the other three 
elements. 

The silica content of the rapidly sedimented material 
of zone C is essentially constant at a value of 52 per 
cent 5105 in the total inorganic material. The maximal 
silica concentrations are found in zone B, though zone 
A is rather richer in silica than is zone C. 

Using the method described earlier (cf. p. 38) it 
was possible to separate the various forms of silica in 
the lake mud into quartz, opal, and the silica of alu- 
minosilicate minerals. Figures VII-13 and VII-14 show 
the vertical distribution of these forms of silica in cores 
1 and 2 respectively. 

As has been previously noted, quartz is not found in 
the lava analyzed, though some quartz occurred in the 
ash layer II C. It is reasonable to suppose the main 
source of the mineral to be wind-borne dust. The main 


TABLE VII-16 
DISTRIBUTION OF SILICON, TITANIUM, ZIRCONIUM, HAFNIUM, ALUMINUM, AND GALLIUM 


Si Ti 
Lava (l) 245,800 5460 
Partly decomposed lava (Тв, Ib) 230,100 6350 
Mean soil (I4, II4, Comp.) 231,900 6530 
Mean sediment | 263,200 6120 
Zone А 259,600 5850 
Zone B 273,700 6000 
Zone C 244,600 6440 
Lithosphere (Taylor) 281,500 5700 
Water of lake (central) 10.7 0.0014 
Water of lake (littoral) 16.1 0.0025 
Water of Fontana di Papa Leone 40.2 0.0012 


Zr Hf Al Ga 
369 5 97,600 18 
339 5 96,100 15 
375 6 108,000 15 
320 4.7 133,000 28.6 
314 4.0 136,300 29.5 
316 4.7 129,500 29.0 
331 3.2 137,700 24.3 
165 3 82,300 15 
0.015 0.0006 0.328 0.0008 
0.021 0.0004 0.496 0.0012 
0.005 0.0001 0.583 0.0016 
0.0026 — 0.24 < 0.001 


Fresh water (Bowen) 6.5 
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relative to titanium in the upper part of the core will be apparent. 


maximum occurs in both cores in B,. In core 1 it 15 
just below the B,/B» boundary, but the amount through- 
out B, 15 high. In core 2 there 15 a sharp maximum at 
207.5 centimeters. Clearly, relatively more quartz was 
deposited during B, than at other times, but since the 
rate of sedimentation in core 1 increases during the 
period of B, and В» about as much as the quartz de- 
clines, there 1s no reason to suppose any great differ- 
ences in the aerial delivery of the mineral. In core 2 
the quartz declines on passing into zone A, but not 
as much as it does in moving in the opposite direction 
into zones Bs and C. Since there is evidence that the 
rate of sedimentation was quite high in period A, it 1s 
possible that the delivery of wind-borne quartz was 
considerably greater at this time than later, owing, no 
doubt, to periglacial winds. It has not proved feasible to 
ascertain whether the other variations, notably the min- 
imum at the B3/C; boundary, are due to small varia- 
tions in sedimentation rate or perhaps to changes in 
windiness. 

There are three sources of opal in the lake mud, 
namely diatoms, sponge spicules, and chrysophycean 
cysts. Opal production was maximal іп Вз. There is 
reason (Patrick, see p. 112) to suppose that the sub- 


sequent minimum in C, represents replacement of а 
diatom flora by blue-green algae. 

All of the alumina (see p. 39) and much of the 
silica are obviously present as aluminosilicate. The 
greater part of this 1s probably present as minute, glassy, 
optically isotropic particles derived directly from the 
ash. Odd crystals of augite have been noted, and at all 
levels some clay occurs (see p. 89). 

The vertical distribution of silica as aluminosilicate 
for core 1 shows a steady decline from the top down- 
ward to a minimum at 148 centimeters, below which 
the amount increases, though at no point exceeds the 
concentration apparent in the upper portion of the С 
period. The distribution of the silica as aluminosilicate 
is somewhat more variable in core 2 than in core 1. 
The lowest point is again found at the height of the 
organic matter at 117 centimeters, and the maximum at 
170 centimeters. Since the amount of both illite and 
halloysite indicated by the diffractometer tracings (fig. 
VII-38) is in general less in zone C than in the deeper 
levels, while the estimate of silica as aluminosilicate 
based on wave-length shift 15 generally high in C, it 
is reasonable to conclude that the proportion of amor- 
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phous glassy material is greater in the more recently 
deposited material. 

Examination of the silicon concentration relative to 
titanium indicates clearly that even where the silicon 
concentration remains constant over a span of time, 
something more than mechanical erosion and deposition 
must be involved. In both cores there 1s a decline from 
the high values of the ratio Si:Ti of zones А and В, 
to minima early in C, which correspond to the opal 
minima mentioned above; thereafter, there is a slight 
rise. Examination of the silica contents of the water 
samples suggests that today a considerable amount of 
silica enters the basin in solution but that much of this 
is rapidly precipitated, presumably as diatoms, sponge 
spicules, and chrysophycean cysts. 

The $102/АЪБОз ratio is almost exactly and con- 
stantly 2:0 (51:А1 = 1.78) in zone C, but is somewhat 
higher in the deeper sediments, particularly of zone B. 
Any period of slow mechanical sedimentation is likely 
to exhibit high 510%»/А1„Оз ratios, because the rela- 
tive proportion of silica carried either by the wind, or 
in solution prior to biological precipitation, will be 
largest when the simple mechanical processes are 
minimal. 
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Titanium, Zirconium, and Hafnium: In so far as 
there is any systematic vertical variation in titanium, 
it consists of a slight increase in passing from the older 
to the younger sediments. This 1s presumably due to 
the progressive leaching of other major elements from 
the surficial materials that undergo erosion. The element 
shows the most constant distribution of any of the sub- 
stances studied (table VII-30). 

Zirconium is present in amounts that are absolutely 
slightly less than in the source materials of the basin. 
Relative to titanium (table VII-17) the effect is not 
impressive and may be due to the materials of the basin 
not being adequately sampled. As in the case of titanium, 
the mean zirconium content of the sediments of zone 
C is greater than that of the earlier layers, and pre- 
sumably for the same reason. The distributions of ti- 
tanium and zirconium, indeed, are very similar, partic- 
ularly in the deeper parts of core 2, where every 
irregularity in the distribution of one element 15 reflected 
qualitatively in the distribution of the other. 

Hafnium, as would be expected, shows a distribution 
pattern comparable to that of zirconium, comparison 
of the deeper part of core 2 again being instructive. 
The Hf:Zr ratio in the deeper sediment of zone A is 
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about 1.3:100, comparable to 1.36:100 in the lava. The 
rapidly sedimenting material of zone C, however, shows 
a slightly higher ratio of 1.6:100. The ratio in the 
various surficial materials of the basin is rather vari- 
able but for the mean soil (1.6:100) is slightly higher 
than that for the lava and identical with that for the 
sediments of zone C. The distribution, however, within 
the zones is fairly irregular and the apparent increase 
in the ratio may not be significant. Comparison with 
titanium suggested that any real change in the ratio is 
more likely to have been due to a differential loss of 
zirconium in pedogenesis during the later history of 
the lake than to any enrichment in hafnium. 
Aluminum and Gallium: Aluminum (table VII-16, 
figs. VII-15, VII-16) is distributed very evenly through- 
out both cores. The quantities present represent a clear 
enrichment over any of the materials in the basin, rela- 
tive either to total inorganic matter or to titanium (table 
VII-17). Gallium shows an even greater enrichment, 
and some of the lanthanides (Ce, Pr, Nd) which ex- 
hibit a quite different vertical distribution, also seem to 
be enriched relative to the source materials. No other 
element exhibits quite this type of behavior, though 
silica is enriched over the amount present in the de- 
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composed source materials, partly no doubt as the 
result of wind transport. 

The only available explanation of the enrichment 
appears to be that some of the aluminum in the original 
source material became more mobile than titanium, 
passing in colloidal solution into the lake where it was 
precipitated, as indeed seems to be suggested by the 
analyses of our water samples. This should leave a 
deficit in some of the surficial materials of the basin and, 
in fact, the ratio of aluminum to titanium is lower in 
the decomposing lava than in the undecomposed lava, 
though this does not apply in the case of the mean soil. 

Gallium, as has just been indicated, is even more 
enriched in the sediment than is aluminum. The water 
samples studied contained detectable amounts of both 
elements, but relative to aluminum, gallium is consider- 
ably enriched, the ratio being 2,500:109 for both lake 
water samples and 2,200:105 for the Fontana di Papa 
Leone; This is more than an order of magnitude 
greater than the ratio for the mean sediments (table 
VII-17). The very small quantities present might 
lead one to suspect the accuracy of the determina- 
tions; but the absolute amounts of both elements 
differ by almost a factor of two in comparing the 
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Fic. VII-14. Distribution of the various forms of silica in core 2. 


open water of the lake with the Fontana, and the 
gallium contents vary almost proportionately with the 
aluminum contents to give the comparable ratios. И 
these figures are acceptable, it would seem that gal- 
lium 15 relatively more mobile in solution than 15 
aluminum. This conclusion is in line with the fact 
that the surficial sediments (table VII-17) exhibit 
Ga:Al ratios lower than the lava, implying a propor- 
tionately greater loss of gallium while the lake sediments 


imply just the reverse. If, therefore, in a solution derived 
from leaching in the basin, quantitative precipitation 
of the aluminum and gallium occurred in the lake, the 
product would be markedly enriched in gallium over 
the relative amount in the source materials. Since it is 
probable that in period B, when mechanical erosion and 
sedimentation were very slow, the effects of chemical 
sedimentation would be more apparent than during the 
later period of more rapid erosion, the higher Ga: Al 


TABLE VII-17 


RATIOS OF RESIDUATE-HYDROLYSATE ELEMENTS TO EACH OTHER 
(parts per million inorganic matter) 


ран ааа АА | —————— АА È —————— m [| M——— | ——————— | и M ———Áá—PI E 


Si: Al Si: Ti 10?Zr: Ti 
Lava I. 2.52 45.0 67.6 
Decomposed lava 2.39 36.2 53.4 
Mean soil 2.15 35.5 57.4 
Mean sediment 1.98 43.0 52.3 
Zone А 1.90 44.4 53.7 
Zone B 2.11 45.6 52.7 
Zone С 1.78 38.0 51.4 


10:Hf: Ti 10?Hf :Zr Al:Ti 10:3Са: Ti 105Ga: Al 
0.9 14 17.9 3.3 184 
0.8 15 15.1 2.4 156 
0.9 16 16.5 2.9 139 
0.8 15 21.7 4.7 215 
0.7 13 23.3 5.0 216 
0.8 15 21.6 4.8 224 
0.8 16 21.4 4.2 198 
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ratios in zone B would not be expected, even though 
the increase may seem rather inconsequential. 
Scandium and the Lanthanide Rare-earths : The rare- 
earth elements that we have determined have vertical 
distributions departing markedly from that of aluminum. 
Their general distribution among the zones of the 
lacustrine sediments and source materials is given in 
table VII-18 and in figures VII-17 and VII-18. It will 
be observed that, although the quantities of scandium, 
praseodymium, neodymium, and samarium are of the 
same general order of magnitudes as the concentra- 
tions in the accessible lithosphere, those of lanthanum 
and cerium are very much higher. It 15, therefore, of 
some importance to note that a preliminary series of 
optical spectrographic determinations by Dr. О. Joensuu 
gave essentially identical results (mean of four samples 
from zone C, 144 parts per million of inorganic matter ) 
for lanthanum, the only rare earth that he determined. 
Moreover, Cowgill (1966) found that, using the method 
she developed for this work, the lanthanum content of 
the standard granite G-1 was 149 parts per million, the 
accepted and accurate value. The absolute cerium values 
may require confirmation, but the relative vertical vari- 
ations which alone enter into our discussion are con- 
cordant with those of the other rare earths and, since 
the very high lanthanum figures are clearly acceptable, 
it seems probable that those for cerium are also correct. 
Dr. Joensuu determined yttrium, which we were 
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unable to estimate, from six samples obtaining a mean 
value in the sediments of 41 parts per million of the 
uncorrected total. The materials of the basin contained 
from 35 to 42 parts per million with a mean value of 
37 parts per million. If there has been any change, it 
is a slight but probably insignificant enrichment in the 
sediment. The data do not permit any judgment of 
vertical variations. 

Except for samarium, the elements under considera- 
tion tend to exhibit a distribution in the sediments not 
unlike, though rather less extreme than, that already 
described for rubidium and strontium and attributed 
to differential loss by leaching from the most slowly 
deposited sediments. Since there is a tendency for the 
rare earths to be minimal in Bj, but to rise in Bs, the 
distribution is more effectively characterized by the 
ratio of the mean concentration in С» to the mean con- 
centration in B, (the two cores weighted equally and 
190 centimeters in core 2 included in В,), as presented 
for the relevant elements in table VII-19. 

It will be seen that the concentrations of lanthanum, 
cerium, praseodymium, and neodymium in С» are one 
and a half to one and three-quarters those of B;. Scan- 
dium behaves less, and rubidium and strontium more 
extremely. 

Study of the individual curves, particularly for core 
2 where there is a greater thickness of material older 
than zone C, makes it evident that lanthanum, praseo- 
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Fic. УП-15. Distribution of aluminum and gallium, and of ratios to titanium 
and to each other in core 1. 
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Ете VII-16. Distribution of aluminum and gallium and of ratios to titanium and to each 
other in core 2. Note enrichment relative to titanium over amount in mean soil, more 
particularly in the case of gallium, and the consequent slight enrichment of gallium 


relative to aluminum. 


dymium, and neodymium are behaving essentially co- 
herently, with maxima in Ba and almost complete 
pattern correlation throughout zones A and B. Scandium 
behaves similarly but with maxima at the bottom of C, 
and at the С,/С» boundary. Cerium, while following 
the same general distribution as the other lanthanides 
just discussed, does not agree with them in the small 


details of vertical variation. The close concordance in 
these details for lanthanum, praseodymium, and neo- 
dymium strongly suggests that the observed variations 
are real and that the behavior of cerium is slightly dif- 
ferent from that of the other three. Moreover, since 
lanthanum (table VII-20) is essentialy conservative 
relative to the source materials, while the other three 


TABLE VII-18 


DISTRIBUTION OF SCANDIUM AND THE LANTHANIDE RARE EARTHS 
(parts per million inorganic matter) 





Sc La 

Lava (Ie) 12 119 
Partly decomposed lava (Is, Ip) 22 140 
Mean soil (I4, II4, Comp.) 17 122 
Mean sediment 15.2 121 

Lake sediments zone A 13.6 122 

Lake sediments zone B 14.3 107 

Lake sediments zone C 17.7 147 
Lithosphere (Taylor) 22 30 
Water of lake (central) 0.0015 0.00075 
Water of lake (littoral) 0.0016 0.00084 
Water of Fontana di Papa Leone 0.0015 0.0012 


Ce Pr Nd Sm 
379 4 12 14 
406 6 19 21 
434 7 17 17 
533 9.2 22.5 19.9 
547 8.2 22.8 27.1 
469 7.3 21.3 20.7 
645 13.0 24.0 14.3 
60 8.2 28 6.0 
0.0067 0.000024 0.000097 0.0052 
0.0056 0.000013 0.000059 0.0057 
0.0075 0.000053 0.00032 0.0038 
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Fic. VII-17. Distribution of scandium and the rare earth elements, lanthanum, cerium, praseodymium, neodymium, and samarium 
in соге 1. The Nd:Pr ratio clearly varies irregularly about the mean value of 3, undoubtedly owing to the uncertainties гп 
determining the small amounts of praseodymium present. Note the general lack of coherence of samarium and the other 


elements. 
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Fic. VII-18. Distribution of scandium and the rare earth elements, lanthanum, cerium, praseodymium, neodymium, and sama- 
rium in core 2. Since more of zone A is represented, the clear minima in the lower part of zone B are more apparent; 


note the coherence of the samarium concentrations in the two cores. 
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TABLE УП-19 


RATIO OF MEAN CONCENTRATION IN C; TO THAT IN В, 
FOR RARE EARTHS AND CERTAIN OTHER 


ELEMENTS 
Sm 0.61 
Al 1.10 
Sc 1.31 
Ce 1.52 
Pr 1.59 
Nd 1.59 
La 1.70 
Rb 1.91 
Sr 2.17 


tend to be somewhat enriched like aluminum and 
gallium, the fine variation presumably involves condi- 
tions of sedimentation rather than of erosion. 

It is to be noted that in the case of the three rare 
earth elements enriched at almost all levels, even the 
minimum ratios to titanium, namely Ce:Ti 0.062 at 
160 centimeters in core 2, Pr: Ti 0.00075 at 220 centi- 
meters in core 2 and Nd: Ti 0.0029 at 170 centimeters 
in core 2, are all about the same as the ratios in the 
source materials; there is no evidence of any loss by 
leaching of these elements in zone B ; it would rather 
seem that during part of the time during which that 
zone was deposited, slight enrichment was occurring. 

In the case of lanthanum, the minimal ratios (170 
centimeters in core 2 where La:Ti 15 0.012, 15 the 
lowest) are well below those of the source materials. 
Clearly the minimum in zone B in some cases, notably 
that of lanthanum, must involve absolute loss of the 
element, but this does not seem to occur for cerium, 
praseodymium, or neodymium. Presumably, there was 
a shifting balance between enrichment, as with alu- 
minum, and loss, as with rubidium and strontium; and 
this affected even the rare earth elements in slightly 
different ways. 

Samarium, however, produces the greatest surprise, 
for its variations are quite unlike those of the other 
lanthanides. The concentration is very high in zone А; 
in B, the proportion falls far more slowly than do those 
of the other lanthanides. There 15 a minimum ш В» and 
then a rise to another large maximum at the Bo/B3 
boundary. The concentration in zone C falls to a moder- 
ate minimum іп Су; there is a small maximum just 
above the С/С» boundary and an absolute minimum 
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near the surface of the sediment. The variations are 
highly concordant between the two cores and unlike 
what is found for any other element. There appears to 
be no interfering line that might cause difficulties in 
the determination of samarium and we are forced to 
conclude that the distribution observed is real. A hint 
of its meaning can be obtained from the analyses of the 
water of the lake and the soils of the basin. 

Although the rare earth content of the lake water is 
naturally very low, it is detectable. Of the elements 
which we can determine, samarium appears to be much 
enriched relative to the others, being almost as abundant 
as cerium, while in the source materials cerium 15 always 
present in about tenfold greater concentration. This 
suggests samarium is abnormally mobile among the 
lanthanides. 

In profile I the quantity of samarium in the unde- 
composed (Ie) and partially decomposed (1) lava, 
namely 14 and 13 parts per million, is comparable to 
that in the lake sediments of most of zone C. The more 
fully decomposed (Ig) lava 1s, however, much enriched. 
in samarium and the soil at the surface (I4), impover- 
ished. It would seem likely that in the final stages of 
transformation of the lava into the inorganic material 
of the soil and sediment, samarium becomes more mobile 
than the other lanthanides and is leached downward and 
captured by material that has not undergone the final 
transformation. The same process is probably indicated 
in profile II but here the impoverished upper layer was 
not collected; it may have been lost by erosion in the 
past when the uppermost C sediments poor in samarium 
were deposited. The composite soil exhibits moderate 
impoverishment. It is just possible that the zeolites 
present in the decomposed lava and ash are responsible 
for this unexpected behavior. The earlier sedimentation 
of materials richer in samarium presumably reflects 
erosion of surficial material like ІА, and the great 
variations may be attributed to various mixtures of 
surficial materials of different samarium contents. 

Iron and Manganese: The distributions of these ele- 
ments, along with those of cobalt and nickel, which vary 
in a fairly concordant manner, are summarized in table 
VII-21 and figures VII-19 and VII-20. 

In general the quantities of manganese and iron 
present in zones A and В; are fairly low; for both 


TABLE VII-20 


RATIO OF RARE EARTH ELEMENTS TO TITANIUM AND ALSO OF RUBIDIUM AND STRONTIUM 
TO TITANIUM FOR COMPARISON 








Sc: Ti La:Ti Ce: Ti Pr: Ti Nd: Ti Sm: Ti Rb: Ti Sr: Ti 
Undecomposed lava 0.0022 0.022 0.069 0.0007 0.0022 0.0026 0.057 0.178 
Mean decomposed lava 0.0035 0.022 0.064 0.0009 0.0030 0.0033 0.087 0.136 
Mean soil 0.0026 0.019 0.066 0.0011 0.0026 0.0026 0.081 0.186 
Lake sediment zone А 0.0023 0.021 0.094 0.0014 0.0039 0.0046 0.056 0.079 
Lake sediment zone B 0.0024 0.018 0.078 0.0012 0.0036 0.0035 0.043 0.067 
Lake sediment zone C 0.0027 0.023 0.100 0.0020 0.0037 0.0022 0.075 0.113 
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TABLE VII-21 
DISTRIBUTIONS OF MANGANESE, IRON, COBALT, AND NICKEL 
(parts per million) 


Mn Fe Co Ni 

Lava (Ic) 850 49,100 20 26 
Decomposed lava (Ib, Is) 1160 72,700 29 53 
Mean soil (I4, ПА, Comp.) 1390 73,200 27.5 36.8 
Mean sediment 890 61,300 24.4 52.5 
Zone A 310 45,500 18.1 46.0 
Zone B 900 57,200 22.3 54.0 
Zone C 1210 78,000 31.8 53.5 
Lithosphere (Taylor) 950 56,300 25 5 
Water of lake (central) 0.0042 0.040 0.00097 | 0.000064 
Water of lake (littoral) 0.0094 0.096 0.00110 | 0.000044 
Water of Fontana di Papa 

Leone 0.0014 0.062 0.00105 | 0.000185 
Mean water: Ie .1078 5.8 3 3 3.8 
Fresh water (Bowen) 0.012 0.67 0.0009 0.01 


elements there is a loss relative to titanium, but this is 
much greater for manganese than for iron. In the middle 
and upper parts of zone B there are violent fluctuations 
of both elements. These fluctuations are qualitatively 
comparable for the two elements but not clearly cor- 
related in the two cores. Perhaps the periods of maximal 
concentration were of very short duration and the ob- 
served differences between the cores are due to incom- 
plete sampling on account of the very compressed time 
scale. In both cores there are maxima in Be, though in 
the case of iron the maximum concentration is less in 
core 1 than in core 2. In the latter core there is a second 
striking maximum at the B2/Bs boundary; as it is not 
apparent in core 1, the phenomenon was presumably 
transitory, at least relative to the very compressed time 
scale in this part of the section. It is, however, possible 
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that core 1 lies too close to the margin of the lake at 
the time to show the effect (see p. 141). Both cores 
show striking maxima at the Вз/С junction as organic 
matter is rising, but in core 1 the concentrations are 
much greater than in core 2. Again problems of sampling 
are probably involved. In both cases, however, within 
Вз manganese starts rising at a lower level than iron. 
Throughout the rest of zone C the quantities of both 
elements are fairly high and constant. Relative to tita- 
nium, the amount of both elements present 15 slightly in 
excess of that in the lava. The absolute maximum con- 
centration of iron 1s considerably greater than in any 
of the materials of the basin which suggests chemical 
precipitation within the lake at the time of the maxima. 
Mackereth (1966) points out that the migration of 
iron and manganese is very susceptible to variation in 
the redox potential prevailing in the basin and at the 
mud-water interface of a lake. Under strictly oxidizing 
conditions, both elements would be expected to move 
entirely in the solid phase; but if reducing conditions 
developed in the soils of the basin, first manganese and 
then iron would start migrating as Mn* * and Fett, 
which would be precipitated when they entered a fully 
oxidizing environment. 

If, however, reducing conditions developed in the 
deep water of the lake, manganese would have an op- 
portunity to leave the sediments before iron, since 
Mntt is formed at a higher redox potential than 


Fett, 


О ррм.10 го 


Fic. УП-19. Distribution of iron, manganese, cobalt, and nickel, with Мп: Ее 
and Co: Ni ratios in core 1. 
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Fic. VII-20. Distribution of iron, manganese, cobalt, and nickel, with Мп: Ее 
and Co: Ni ratios in core 2. 


Mackereth considers three actual cases. In the very 
oligotrophic Ennerdale Water, both elements show a 
purely erosional type of migration and sedimentation, 
without any great variation throughout the sediment 
column, as no reduction and solution are likely to have 
occurred either in the drainage basin or the lake. 

In the mesotrophic south basin of Windermere, 
manganese rises in the sediments early in the history 
of the lake while the absolute iron concentration 
falls. In this case, presumably manganese was reduced 
in the drainage basin and became mobile to a greater 
extent than did iron. | 

In the third case, the eutrophic Esthwaite Water, 
manganese rises as in Windermere, and then falls, 
presumably as a reducing surface developed on the mud 
during summer stagnation. 

Mackereth points out that, if the conditions of mobil- 
ity in the basin were constant, while the redox potential 
at the water-sediment interface varied, a maximum of 
iron in the sedimentary record should correspond to a 
maximum in oxidizing conditions at the interface. More- 
over, as iron would be precipitated at a lower redox 
potential than manganese, the Mn:Fe ratio should be 
highest at the time of the iron maximum. 


If, however, the maximum in iron were due to a 
maximum in mobility in the basin with precipitation 
under permanent constant oxidizing conditions in the 
lake, manganese would become mobile before iron and 
the maximum in the Mn:Fe ratio would occur before 
the iron maximum was reached. 

There can be little doubt that our maximum at the 
Вз/С‹ boundary as developed in core 1 represents the 
second of these two possibilities. The position of the 
rise in manganese at the top of Bs is prior to, and well 
separated from, the inception of the rise in iron, and 
the maximal Mn:Fe ratio is clearly earlier than the 
maximum in iron and organic matter. Apart from pro- 
viding evidence that the events recorded were due to 
a change in the basin, their timing is interesting in 
showing that this change began well before the rapid 
increase in the relative organic content of the sediments. 

superficially our changes in iron and manganese in 
Bə and Вз seem to agree with Mackereth’s first alter- 
native of changes in the redox potential at the water- 
sediment interface, but further thought shows that this 
is very unlikely. Such an interpretation would imply a 
rise in redox potential at the mud-water interface in В.. 
Prior to this time the lake had been very shallow; its 
sediment was very low in organic matter. It can hardly 
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TABLE VII-22 


RATIOS OF FERRIDE AND BIVALENT TRANSITIONAL ELEMENTS TO TITANIUM AND TO SOME OTHER ELEMENTS 


Mn:Ti Fe: Ti 108Со: Ti | 10981: Ti 
Undecomposed lava (I<) 0.16 9.0 3.7 4.8 
Mean decomposed lava 0.18 11.5 4.6 8.3 
(Ip, Ig) 
Mean soil (Ia, ПА, 0.21 11.2 4.2 5.6 
Comp.) 
Mean sediment 0.15 10.0 4.0 8.6 
Zone А 0.05 7.8 3.1 7.9 
Zone B 0.15 9.5 3.7 9.0 
Zone C 0.19 12.1 4.9 8.3 





have been stratified and, if stratified, it 15 remotely un- 
likely that reducing conditions can have developed at 
any time in B, and В.. It 1s far more likely that the 
maxima are improperly sampled, owing to the very 
slow deposition, and that if analyses could have been 
made at very closely spaced intervals, a pattern com- 
parable to that observed in the Вз/С maxima would 
have been encountered. This idea is in accord with the 
great difference in Mn:Fe ratio actually observed in 
the Bə maxima in the two cores. 

It is perhaps significant that both the maxima in 
zone B appear to be contemporaneous with special 
vegetational features revealed by the pollen analysis 
of core 1. The lower maximum corresponds with that 
of Corylus pollen, at about the time of the Allergd 
oscillation, while the upper maximum, though not 
sampled in core 1, seems to be contemporaneous with 
the curiously late and transitory development of Abies. 

Cobalt and Nickel: The distributions of these ele- 
ments are summarized in the same table (table VII-21 ) 
and graphs (figs. VII-19, VII-20) in which the data 
for iron are presented. Cobalt tends to follow iron 
rather precisely; the correlation coefficients expressing 
this concordance, namely 0.9852 for core 1 and 0.9440 
for core 2, are in fact the highest of any calculated be- 
tween pairs of elements in our material. The quantities 
present are geochemically reasonable as may be seen 
by comparing the value of the ratio of nickel (Кат 
0.78 A) to magnesium (Mg++ 0.78 A) in the litho- 
sphere, namely 3.2 X 10-3, and that of cobalt (Сот + 
0.82 А) to iron (Ее++ 0.83 A) namely 0.44 X 1073 
with the values for these ratios in the sediments and 
source materials given in table VII-22. 

Like iron, cobalt is relatively low in zones A and By, 
shows considerable variation in В» and Вз and fairly 
high values in zone C. Both elements are greatly en- 
riched at 148 centimeters in core 1. The Co:Fe ratio 
varies little, and such variation as 1s observed is the 
inverse of that exhibited by the Mn: Fe ratio, maximal 
values of the iron concentration corresponding to slight 
minima in the Co:Fe ratio. There is, moreover, no 
tendency for cobalt to vary slightly out of phase with 
iron at the organic maximum, as 1s observed in the case 
of manganese. The variation of nickel is on the whole 





10:3Co:Fe| 10*Ni: Fe | 105Ni: Mg | Со: Ni 10°Cu: Ti | 103Zn: Ti | 10?Pb: Ti 
0.41 0.53 3.1 0.77 16.3 1.5 9.9 
0.40 0.73 2.8 0.55 18.5 5.4 9.3 
0.38 0.50 4.0 0.75 18.2 5.3 7.8 
(8.7) 
0.40 0.86 7.0 0.46 19.4 11.1 13.1 
0.40 1.01 7.1 0.39 18.6 12.3 14.0 
0.39 0.94 8.7 0.41 18.8 9.8 12.3 
0.41 0.69 6.5 0.59 20.9 12.6 14.1 





superficially like that of cobalt, with the important ех- 
ception that in the upper part of the core there is a 
definitely higher Co:Ni ratio than in the lower. The 
ratio is maximal at 148 centimeters in core 1, when the 
organic matter 1s very high, but even 1f this 1s regarded 
as a purely transitory phenomenon, the values through- 
out the rest of period C lie around 0.6 while below the 
middle of Вз they vary irregularly around 0.4. Inspec- 
tion of the graphs indicates the phenomenon to be quite 
striking. Comparison with the source materials suggests 
that, while during period C the two elements migrated 
together, during the earlier periods there was a tendency 
for iron and cobalt to be lost from the sediment except 
during the periods of striking maxima, while nickel 
behaved more conservatively. 

Copper: The distribution of copper, summarized in 
table VII-23 and in figures VII-21 and УП-22, 15 rela- 
tively uniform throughout the sediment cores; such in- 
crease as is observed in zone C 1s largely due to enrich- 
ment by the loss of other elements, as is apparent also 
for titanium. As is indicated by the variance of the 
concentration (table VII-30), copper resembles the 
conservative residuate-hydrolysate elements in its rela- 
tively constant proportions. Such variation as is ob- 
served shows some relationship to iron, though this 15 
less striking than in the cases of cobalt and manganese. 


TABLE VII-23 
DISTRIBUTION OF COPPER, ZINC, AND LEAD CONCENTRATIONS 








Cu Zn Pb 
Lava (Г) 80 41 54 
Decomposed lava (ly, In) 118 34 59 
Mean soil (I4, II4, Comp.) 119 34 (57)! | 51 
Mean lake sediment 119 68 80 
Zone А 109 12 82 
Zone B 113 59 74 
Zone C 135 81 91 
Lithosphere (Taylor) 55 70 12.5 
Water of lake (central) 0.0072| 0.014 | 0.0018 
Water of lake (littoral) 0.0080 | 0.011 0.0021 
Water of Fontana di Papa Leone 0.0071 | 0.081 0.0024 
Fresh water (Bowen) 0.01 0.01 0.005 





! Figure in parenthesis includes composite which is possibly 
artificially enriched in Zn. 
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Fic. VII-21. Distribution of copper, zinc, lead, and chromium, and the Cr: Ti ratio in core 1. Note the enrichment in chromium 
in Bı and in the middle of С». 


In core 1, as is true for iron and cobalt, the maximum at the bottom of С, was not detected, the maximum con- 
copper content is at the time of the organic maximum; centration of copper, like that of iron and cobalt, is at 
while in core 2, in which the extremely high iron content 180 centimeters, in the lower part of Bs. There is a 
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Fic. VII-22. Distribution of copper, zinc, lead, and chromium, and the Cr:Ti ratio in core 2. Note the enrichment in chromium 
comparable to that in core 1, and the minima for zinc and lead in В, and Bs, respectively, also indicated, but less clearly, 
in core 1. 
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slight increase in С» in core 2 as is observed also for 
the other two elements. Evidently copper 1s precipitated 
in the sediment along with iron and cobalt, but not on 
all occasions, there being notably no increase at the 
time of the B2/B3 maximum in core 2. The relationship 
with nickel is less apparent. Association of copper with 
iron and with organic matter 1s known in other lake 
sediments (Mackereth, 1966). The relatively small 
variation, implying that some large fraction of the total 
supply of the metal is in a very conservative state, 
cannot be interpretated in the absence of any informa- 
tion as to the phases involved. 

Zinc and Lead: These elements (table VII-23, figs. 
VII-21 and VII-22) may be considered together as 
they appear to be distributed fundamentally in the same 
way. The concentrations present are higher than in the 
source materials, as 1s also true of aluminum and some 
of the rare earths. Like the last named elements, the 
concentrations tend to have minimal values in zone B. 
Superimposed on this distribution, there is, in the case 
of zinc but not in that of lead, some hint of a relation- 
ship to iron. In core 1, the values are low in В; and 
rise to a maximum at 184 centimeters, rather above 
the iron maximum. There is a small minimum at the 
iron minimum at 174.5 centimeters, and then a rise to 
a second maximum with iron, cobalt, and organic matter 
at 148 centimeters, but this rise seems to have been 
rather faster than that of iron. The values remain fairly 
high in C, though they are slightly lower in the upper 
part of С». This behavior 15 unlike that of iron, cobalt, 
or nickel. The behavior in core 2 1s a little different ; the 
maxima lie at the iron maxima in В» and just below 
the organic maximum. 'There 15 no indication of ап 
increase in zinc at the В./Вз iron maximum which is 
not represented in core l. The discrepancies between 
the two cores are probably due to sampling error. 

Relative to titanium, there 15 а very striking enrich- 
ment of both elements in all the sediments as compared 
with the source material. It 15 hard to avoid the con- 
clusion that both zinc and, to some extent, lead have 
been leached continually from material in the basin and 
reprecipitated in the lake, but this process must have 
occurred least rapidly during the time of very slow 
sedimentation constituting period B. In the case of zinc 
there appears to be an enrichment of the element in the 
spring water; but in view of the suspicion that some 
artificial source of zinc may be present in the basin, it 
is difficult to interpret the past in terms of contemporary 
data. The very high values of zinc at the extreme base 
of zone А may suggest the presence of a small amount 
of sphalerite. 

Phosphorus: The distribution of phosphorus in the 
sediments (table VII-24, figs. VII-23 and VII-24) is 
qualitatively most nearly comparable to that of calcium, 
with low values in zones А and B, a marked rise at the 
B/C boundary and maximal values in Cy. 
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TABLE УП-24 


DISTRIBUTION OF PHOSPHORUS, ARSENIC, ANTIMONY, 
VANADIUM AND NIOBIUM 


P As Sb! У Nb 

Lava (Ie) 3700 11 3 — 6 
Partly decomposed lava 

(Ib, In) 4900 17 5 — 11 
Soils (mean I4, ПА, 

Comp.) 3200 18 2 — 10 
Mean sediment 2732 17 5 403 8 
Zone A 1850 15 5 369 7 
Zone B 2150 18 S 366 9 
Zone C 4320 18 4 493 8 
Lithosphere (Taylor) 1050 1.8 0.2 135 20 
Water of lake (central) 0.57 0.00004 | 0.00025 0.00020 | 0.00049 
Water of lake (littoral) 0.21 0.00008 | 0.00034 0.0018 0.00044 
Water of Fontana di 

Papa Leone 0.93 0.00021 | 0.00048 0.016 0.00025 
Fresh water (Bowen) 0.005 | 0.0004 — 0.001 — 


! All analyses very doubtful. 


Examination of the calcium-phosphorus ratios for 
the sediments and their source material throws consider- 
able light on the migration of both elements, suggesting 
that the similarity in their behavior in sedimentation is 
due to their being largely present in combination, as 
apatite. 

In all the materials of the basin, calcium is greatly in 
excess (fig. VII-10) of the quantity required to form 
an apatite with the phosphorus present. In the sediments, 
the ratios are very much lower in zones A and B ap- 
proaching, though, if the exchangeable calcium 1s ex- 
cluded, falling short of, the ratio in an ideal apatite. The 
excess phosphate in these zones is possibly present as 
the alkali aluminophosphate taranakite; the differences, 
however, may be due to analytical error. In С, both 
elements are more concentrated and, when exchangeable 
calcium is excluded, the ratios are close to that for 
apatite. The concentration of fluorine, discussed on a 
later page (see p. 80) indicates that this apatite cannot 
be an 1deal fluorapatite. In C» there is a further increase 
in the CaO: P2Os ratio; almost half the non-exchange- 
able calcium, as has been pointed out earlier (p. 60), 
is probably not apatitic, though its nature is not certain. 

A very small amount of the phosphorus is water 
soluble; analyses were made only on core 2, in which 
the proportion varies between 0.16 and 1.5 per cent in 
zones A and B, and between 0.5 and 2.14 per cent in 
zone C. Within these zones the variation is irregular 
and perhaps insignificant; it may well depend on the 
conditions of extraction from slightly variable matrices 
at different levels. It seems likely, however, that there 
is rather more easily soluble phosphorus in zone C 
than in the deeper sediments. 

The P:N ratio in all the sediments is high, though 
minimal at the time of the organic maximum at the 
Вз/ С, boundary (бе. VII-25). It is, therefore, unlikely 
that the maximum was caused by an increased supply 
of phosphorus to the lake. 

Arsenic: The distribution of arsenic, summarized in 
table VII-23 and figs. VII-23 and VII-24, clearly follows 
iron in core 2 and shows a comparable but less diagram- 
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Fic. VII-23. Distribution of phosphorus, arsenic, and the As:Fe ratio in core 1. 
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Fic. VII-24. Distribution of phosphorus, the proportion of total phosphorus that is 
water soluble, arsenic and As:Fe ratio in core 2. 


76 LAGO DI MONTEROSI [TRANS. AMER. PHIL. SOC. 


О 1*2 3 4 5 6 7 8 9 го 1 i2 13 14 18 1.6 17 18 1920 2 4 6 8 iO 1% 2 3 4 5 6 7 8 9101112 13 14 15 16 17 181920 2 4 6 8 то I2 14 1616 20 





CMS. 


N N PN 
C2 
Се 
(1 
С, 
ана а 
CRG A рев ep ee сасе 
8, 
А о DUE ааа RAO RUE rci арыка M CEDE 
В, 
еб ое в, 
Ba |... у о ООРУЛУУ УУ 
еге: ИНАЕТ Е NU ЧИТА ВИКА ТИ КЗД УЧИ ее АА ЧИИ 
B, 
B, 
250 A 
A 
CORE 1 CORE 2 


Fic. VII-25. The nitrogen content and the P/N ratio in the sediments of cores 1 and 2. 


matic relationship of the same kind in core 1, where, quantities present are rather high relative to the mean 
as we have seen, there is probably less adequate concentration in the accessible lithosphere. As has been 
sampling of the lower levels enriched in iron. The pointed out above (see p. 37), the possible interference 
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Fic. VII-26. Distribution of vanadium and niobium and the V : Ti and Nb:Ti ratio in core 1. 
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Fic. VII-27. Distribution of vanadium and niobium and the V: Ti and Nb:Ti ratio in core 2. 


of a fifth-order iron line was not detectable with the 
concentrations of iron found in the sediments, and the 
association of the two elements in the cores may, there- 
fore, be accepted. 

'There seems to be a consistent difference between the 
two cores, the concentrations in core 2, particularly in 
zone C, tending to be higher than in core 1. Since the 
analyses were conducted in a single run, the difference 
in the two cores is likely to be real. It may reflect dif- 
ferences in the ratio of chemical to mechanical sedimenta- 
tion, which during period C is likely to have been 
greater in core 2 than in core 1 where the sediment 
thickness is greater. The ratio As: Fe is a little higher 
in the deeper sediments than in zone C, particularly in 
core 1, but in neither core shows dramatic variations. 
Again, an explanation based on rates of chemical sedi- 
mentation or sorption, relative to mechanical sedimenta- 
tion as solid particles, is reasonable. 

Antimony : Quantities of the order of 1 to 10 parts per 
million are probably present, but there is no concordance 
in the vertical distributions in the two cores. The 
amounts present are at the limits of detection and no 
conclusions can be drawn from the data. 


Vanadium: The distribution of vanadium is sum- 
marized in table VII-24 and is presented graphically 
in figs. VII-26 and VII-27. Preliminary optical emission 
spectrography by Dr. Joensuu gave a much higher value 
for the lava than we obtained and somewhat higher 
values for all the source materials in the basin, though 
determinations on the sediments that he made are con- 
cordant with ours. We reluctantly conclude that we are 
not in a position to discuss the movements of the ele- 
ment in the basin. 

The vertical distribution in the sediments is strik- 
ingly concordant between the two cores. In general the 
values are higher in zone C than earlier, but there is 
definite enrichment at the organic maximum, and also 
during part of Ву. The last named phenomenon occurs 
in the cases of chromium and selenium and is presum- 
ably due to increased mobility of the element in the 
basin, followed by precipitation in the lake sediment, 
at the time of the coldest and probably driest climate 
that the lake experienced. Evans and Garrels (1958) 
give an equilibrium diagram for the stability range of 
the vanadium species occurring in aqueous solution or 
in the solid phase. It is evident that at ordinary pH 
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values the element will tend to go into solution, pro- 
ducing polyvanadate and metavanadate ions as the redox 
potential increases above about 0.2 volt, so that the 
overall behavior in migration is likely to be the opposite 
to that of iron. It would, therefore, seem possible that 
vanadium would be most mobile when the soils of the 
basin were least organic and the possibility of mild 
reduction was at a minimum. 'This is a quite reasonable 
situation in a cold dry Artemisia steppe. 

Niobium: The quantities present are rather less than 
10 parts per million (table VII-24), rather lower than 
would be expected in the average material of the ac- 
cessible lithosphere, and near the limits of detectability. 
The distributions (figs. VII-26 and VII-27) in the two 
cores are far from concordant, but when plotted against 
titanium seem to suggest rather higher values in В» 
and Вз than in the deeper levels or during most of 
zone C. There may be some increase near the surface 
of the sediments. It 15 clear that the element does not 
follow any of the major characteristic patterns that we 
have found. There appears to be no relationship to 
vanadium. 

Sulfur: 'The distribution of sulfur is summarized in 
table VII-25 and figures VII-28 and VII-29. 'The most 
striking feature of the occurrence of the element is the 
very great enrichment in all the sediments and in some 
of the surficial materials of the basin. It is evident that 
the greater part of the sulfur must have entered the 
basin from external, presumably atmospheric, sources. 
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Fic. VII-28. Distribution of sulfur and selenium and the Se:S and Se: Ті ratios in core 1. 
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TABLE VII-25 


DISTRIBUTION OF SULFUR, SELENIUM, AND CHROMIUM 
(parts per million) 


S Se Cr 

Lava (Г) 360 0.84 48 
Decomposed lavas (Is, I) 5970 0.71 27 
Soils (mean I4, II4, Comp.) 7930 0.81 38 
Mean sediment 8050 1.22 58 
Zone А 19400 1.16 56 
Zone B 5270 1.33 62 
Zone C 6730 1.05 51 
Lithosphere (Taylor) 260 0.05 100 
Water of lake (central) 2 0.00010 0.00073 
Water of lake (littoral) 2 0.00013 0.00090 
Water of Fontana di Papa 

Leone 4 0.00020 0.00176 
Fresh water (Bowen) 3.7 | «0.02 0.00018 


The distributions are moderately concordant in the two 
cores, with high values at the bottom, in А and the 
bottom of Bi, low values in Bə and С», and maxima 
about the B3/C, boundary. The last named feature 15 
better developed in core 2, probably owing to sampling 
differences. 

Selenium: The quantities of selenium present are 
small, well under 1 part per million in the source mate- 
rials, but a little more than this in some of the sediments. 
These concentrations are, however, quite high compared 
with that of the mean material of the lithosphere. The 


Se/Ti IN LAVA Те 


000000060000 оо Цооочоо ооо ооо 009€60000090000000000000040088004€60/f0090990000990€ 


0000002000090 0 олово 


оо Pg Ot 0800064) 





ох О-4 1х1074 2х10-4 


Соге 1 


Note the very high sulfur concen- 
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Fic. VII-29. Distribution of sulfur and selenium and Se:S and Se:Ti ratios іп core 2. The enrichment of sulfur appears to be 
confined to a rather lower level than in core 1; the enrichment of selenium relative to titanium again occurs in Bi. 


behavior of the element appears to be remarkably con- 
sistent in the two cores (figs. VII-28 and VII-29) and, 
though some of the variation, which 15 not great, may be 
due to instrumental noise, we believe the main pattern 
of the distribution reflects real phenomena 1n nature of 
considerable interest. 

In both cores the highest selenium concentrations 
occur in B, and above this level there is a slow but 
definite decline to the top, most easily appreciated when 
the element is referred to titanium. In the deeper part 
of core 2 a rise from the bottom to the level of maximum 
concentration at 220 centimeters, is apparent, if ir- 
regular. 

Relative to both the total inorganic content and to 
the titanium of the source materials, there has been a 
slight gain of selenium throughout the sediments, at 
nearly all levels except the extreme bottom and through- 
out С». The most oxidized state of selenium in the bio- 
sphere, namely selenate, appears to be the most mobile. 
Under the extreme oxidizing conditions of the Chilean 
nitrate deposits, probably only selenate occurs (Gold- 
schmidt and Strock, 1935). When reduction to selenite 
takes place there is evidence that at least in some soils 
a very insoluble though mineralogically uncharacterized 
basic ferric selenite near Fe;( OH)4SeOs сап be pre- 


cipitated (Byers, Miller, Williams and Lakin, 1938). 
At least the easy migration of selenium from inorganic 
oxidized soils and its fixation under slightly less oxidiz- 
ing conditions have a certain plausibility and would 
probably be in accord with our observations. Under 
cold, dry conditions, the organic production on the 
slopes of the basin, and so the formation of organic 
matter in the soil, would be minimal; the probability 
of only selenate existing in the eroding material would 
clearly have been greater during B, than at any other 
time. The ratio of Se:S in the sediments, maximal in 
the middle of zone B when the sulphur content is mini- 
mal, merely emphasizes that the greater part of the 
sulphur in the sediments is of external and presumably 
atmospheric origin, such sulphur being undoubtedly 
very low in selenium. 

Chromum. The distribution of chromium (table 
VII-25, figs. VII-21 and VII-22), while highly con- 
cordant between the two cores, is rather different from 
that of any other element studied, though a significant 
feature of its peculiar distribution is apparently shared 
by vanadium and selenium and to some extent by potas- 
sium and fluorine. The vertical variations in chromium 
content are not great, but there are clear maxima т 
both cores in B4, at the time of the organic maximum at 


80 LAGO DI MONTEROSI 


Вз/С, and in the middle of С». The general drift of 
both curves, however, suggests a decline in chromium 
concentration from the time of the B, maximum, inter- 
rupted by the two minor transitory increases. Relative 
to titanium there is a marked gain in chromium in B, 
and at the maximum in С»; the maximum at the Вз/С, 
boundary clearly involves a gain only in core 1. Be- 
tween these maxima there was slight relative impover- 
ishment. 

Chromium is clearly quite mobile in the initial stages 
of decomposition of the lava. It is probable that part 
of this mobility is due to the formation of chromate, 
which would only take place under oxidizing conditions. 
If the liberation and migration of chromium did, in 
fact, depend on the formation of chromate and subse- 
quent fixation in sediments, it is likely to respond to 
environmental conditions differently from iron, manga- 
nese, and cobalt in which the more oxidized state is the 
less mobile, resembling in this respect vanadium and 
selenium. It is not unlikely, as has just been indicated, 
that during the early part of period B, when the land- 
scape around the lake appears to have been cold, dry, 
and treeless, the redox potential would have been 
higher in the surficial materials than at later and pos- 
sibly at earlier times. If chromate could be more easily 
formed, or less easily reduced, under such circum- 
stances, which by analogy with its well-known occur- 
rence as of tarapacaite, K3CrO, (cf. Palache, Berman 
and Frondel, 1951) in the upland deserts of Chile seems 
possible, more chromium relative to insoluble material 
may have moved into the lake, only to be fixed in the 
slightly more reductive sediments. This hypothesis at 
least explains the maximum in Bı. The much less 
striking rise at the high organic maximum can only 
be due to strong retention, by organic matter or iron 
compounds, of whatever chromium was available. The 
formal similarities of the history of chromium in the 
basin to those of selenium and vanadium thus appear 
reasonable. The curious transitory maximum in Cə 
exhibited by both cores remains uninterpreted. 

Fluorine. The distribution of fluorine is summarized, 
along with those of the other halogens, in table VII-26 
and figures VII-30 and УП-31. There is, of course, no 
close geochemical relationship between the behavior of 
fluorine and that of the other elements of the group. 

As has been indicated in an earlier section (see p. 
48) a great part of the fluorine, as of the potassium 
and to a less extent of the sodium, 15 lost from the lava 
in the early stages of weathering. Fluorine and potas- 
sium also exhibit similar behavior in the sediment 
column, having maxima in Bı, while sodium though 
varying more irregularly acts in a comparable way. The 
close association of fluorine with potassium has sug- 
gested to us that interference by potassium may be in- 
volved, but there seems to be no line which could cause 
the confusion. We, therefore, at least provisionally, ac- 
cept our results. 
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TABLE VII-26 


DISTRIBUTION OF THE HALOGENS (parts per million) 


F Cl Br I 
Lava (I, uncorrected) 2860 171 8 6 
Decomposed lava (Is, I») 959 315 12 6 


Soils (mean ІА, ПА, 


Comp., corrected) 781 588 14 6 


Mean sediment 966 374 (291)1 38.4 8.8 
Lake sediment zone А 1008 390 (420) | 58 9.9 
Lake sediment zone В 1013 350 (200) | 29 8.0 
Lake sediment zone C 856 410 (400) | 43 9.7 
Lithosphere (Taylor) 625 130 2.5 0.5 
Water of lake (central) 0.32, 16 0.016 | 0.00043 
Water of lake (littoral) 0.28 | 13 0.016 | 0.00041 
Water of Fontana di Papa 

Leone 0.52 7 0.019 | 0.00063 
Fresh water (Bowen) 0.09 7.8 0.2 0.002 


! Figures in parentheses omit core 1 for which the chloride data 
appear unreliable. 


It is reasonable to suppose that the initial great 
loss of fluorine from the decomposing lava involved 
substitution of OH- for F- in the lattice of fluorine- 
bearing minerals. The latter cannot have been ex- 
clusively the most probable fluorine mineral namely 
fluorapatite, Ca;,9( PO4) ә, for the phosphorus con- 
tent of the lava, if all that element were present as the 
mineral, would imply only 759 parts per million fluorine 
as contrasted with the 2,860 parts per million actually 
present. On decomposition there is a great loss of fluo- 
rine. The less decomposed lava seems to have lost some 
phosphorus also, and the ratio of phosphorus to fluorine 
is now not far from that in fluorapatite. Further de- 
composition seems to involve mainly loss of phosphorus 
but little change in the Ниогше content. It is evident 
that fluorine must first be lost from some mineral more 
easily decomposed than 15 fluorapatite. This fluorine 
evidently becomes mobile and during periods A and 
D, enters the sediments, in some relatively stable form, 
in quantities sufficient to raise the concentration well 
above that in the immediate source material. The fluo- 
rine must be largely present in non-apatitic form. The 
mean phosphorus content of zone А would correspond 
to but 380 parts per million fluorine as ideal fluorapa- 
tite and that of zone B to 500 parts per million. Actually 
in both cases the amount of fluorine present is about 
twice the latter figure. In zone C, in which the calcium 
and phosphorus contents correspond to apatite, there 
15, at most levels, a deficiency in fluorine, while ш Cs 
where the phosphorus and fluorine concentrations are 
almost stoichiometrically equivalent there is an excess 
of calcium. The considerably greater proportion of sup- 
posed non-apatitic fluorine in the older sediments of 
zones А and B, than in the younger sediments or in 
most of the source materials, would suggest that not 
merely was fluorine lost in solution from the basin 
during weathering, but that some of the fluorine that 
dissolved, perhaps leaving behind only fluorapatite, has 
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Fic. VII-30. Distribution of the halogens in core 1. 
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As explained in the text, the variations of chlorine are prob- 


ably due to an undetermined source of contamination. 


later been taken up again to form another fluorine- 
containing mineral in the lake sediments and possibly 
to a small extent in some of the surficial materials. In 
the absence of actual demonstration of fluorapatite and 
some other fluorine containing mineral in the materials 
under discussion, such reasoning is hypothetical, but it 
is partly in accord with what would be expected of the 
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elements in question. Unfortunately, the amount of 
fluorapatite that could be present is not great enough 
to detect by X-ray diffraction. 

Chlorine: There are considerable irregularities in our 
analysis for zone B of core 1 which we feel sure are due 
to spurious determinations. Whatever the cause of 
these irregularities, we believe that where there is ex- 
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Distribution of the halogens in core 2. Chlorine is believed to be reliable in this core. 
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treme lack of concordance between the two cores and 
marked lack of parallelism between the variation of 
chlorine and bromine in one series but not in the other, 
that series should be rejected presumably as contami- 
nated. In view of the fact that this may seem an arbitrary 
procedure, the interpretation of the chlorine data must 
obviously be guarded. 

It might be thought that the chief mode of incorpora- 
tion of chlorine into the sediment would be by the 
occlusion of water in pore spaces in which chloride is 
dissolved. The chloride in the 3.5 centimeter layer of 
core 2, if dissolved in the water, would give a solution 
containing 85 parts per million Cl. The water of the 
lake now contains 16 parts per million Cl. We there- 
fore conclude, with Mackereth (1965, 1966; see also 
Cowgil and Hutchinson, 1966) that an enrichment 
process occurs, which is apparently to be attributed to 
some sort of sorption or ligation by organic matter. The 
fivefold enrichment in the present case is, however, less 
than that recorded previously. The data for chloride in 
core Z, plotted against loss of weight on ignition (fig. 
VII-32) indicate the kind of loose relationship that is 
observed. The simple correlation coefficient, based on 
uncorrected data, of 0.5033 (и=27) 15 significant 
only to the 1 per cent level while the equivalent figures 
for bromine and iodine 0.7809 and 0.7420 are much 
higher and significant to the 0.1 per cent level. Never- 
theless, no other element, other than carbon and nitro- 
gen, shows such high correlations with ignition loss as 
these three, and the relationship of chlorine to organic 
matter, therefore, appears acceptable. The very high 
value at the time of the organic maximum provides a 
dramatic, if essentially isolated, example of the phe- 
nomenon. It may be noted that in core 1, where we 
believe the chloride data are unreliable, the correlations 
for bromine and iodine on organic matter are still quite 
high (0.7161 and 0.5661, »--17), while that for 
chlorine 1s negative and insignificant. 

since it would appear that in general the chlorine 
content is largely governed by the organic matter, it 1s 
not possible to use the quantity observed as an indication 
as to whether or not the lake ever accumulated a signifi- 
cant amount of chloride in its water. Since the biological 
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Fic. VII-32. Chlorine plotted against loss of weight 
on ignition for core 2. 
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TABLE VII-27 


DISTRIBUTION OF BROMINE AND IODINE RELATIVE TO 
CHLORINE, IN THE CASE OF BROMINE 





Cl Br I 
Lava (le) 100 4.7 3.5 
Partly decomposed lava (Is, I») 100 3.8 1.9 
Mean soil (I4, II4, Comp.) 100 2.4 1.0 
Mean sediment (core 2 for Cl) 100 13.2 3.0 
Lake sediments zone А 100 13.8 2.4 
Lake sediments zone B 100 14.5 4.0 
Lake sediments zone C 100 10.7 2.5 
Water of lake (central) 100 0.10 0.0027 
Water of lake (littoral) 100 0.12 0.0031 
Water of Fontana di Papa Leone, 100 0.27 0.0090 
Rain water (Hawaii) 100 0.54 0.11 
Sea water 100 0.34 0.00025 














evidence, most notably from the study of diatoms, 15 
clearly against any hypothesis of high mineralization in 
the past, it is legitimate to conclude that chloride is 
one of the elements that 1s easily lost from the system 
by seepage. The further nature of the overall halogen 
cycle in the lake is, however, best considered in terms 
not merely of chlorine but of bromine and iodine also. 

Bromine and Iodine: The general pattern of distri- 
bution is similar, with maxima in both cases at the time 
of the organic maximum, and in Ву, with a third maxi- 
mum іп А in core 2. The ratio I: Br varies systemati- 
cally, being lowest when the bromine concentration is 
highest. The relationships of the elements are best un- 
derstood if they are considered as migrating more or 
less in the same way as does chlorine, so that the two 
rarer halogens are referred to the last named (table 
VII-27). Only the data ior core 2 are used, but the 
general conclusions would not be modified if cores 1 and 
2 were averaged together. 

It will be observed that the Br :Cl ratios in the water 
samples are of the same order of magnitude, and the 
Г: С ratios about 10-40 times greater than those of sea 
water. They are very different from any observed in 
the solid materials of the basin. The Br: С] ratio strongly 
suggests that the quantities in the water entering the 
lake from the Fontana di Papa Leone are set by the 
ratios in rain water, which will have obtained most of 
its halide from the sea. In the case of 1odine, a higher 
ratio to chlorine than in the sea 1s to be expected ; indeed 
the only reliable analyses of гаш (Duce, Wasson, Win- 
chester and Burns, 1963) give a much higher figure, 
but the geographical variation remains essentially un- 
explored. 

In the lake sediments, bromine 15 considerably en- 
riched over the content in the lava or in the surficial 
material of the basin. This 15 true whether the element 
be referred to chlorine or to titanium. There must, 
therefore, have been an external source of bromine, 
which can only, through the greater part of the history 
of the lake, have been from atmospheric precipitation. 
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While the quantity of bromine in the waters analyzed 
is small, it may well be greatly in excess of what would 
be leached into unit volume from the rocks of the basin, 
as at least initially the element appears to be retained, 
even in the decomposing lava. If the bromine content 
is set by the quantity in the precipitation on the one 
hand and by the organic matter in the sediment on the 
other, there is no clear reason why this should not also 
have been the case for chlorine and iodine. If the ele- 
ments are in fact taken up by organic matter from a 
solution comparable to the waters analyzed, iodine 15 
concentrated relative to chlorine about a thousand-fold 
and bromine about a hundred-fold. This greater uptake 
of iodine is analogous to what happens, for instance, 
when bromine and iodine in sea water are being taken 
up by the proteins of sponges (Low, 1949). In general 
it would seem likely that iodine is fixed more easily 
from dilute solutions by the organic matter of the bio- 
sphere than is bromine and the latter more easily than 
chlorine, as indeed would be expected from the reactions 
of their salts in aqueous solution. The chemical details 
of the processes by which chlorine, bromine, and iodine 
are taken up by different kinds of organic sediment 
clearly need much further study. 

Platinum: The amount present is certainly very small, 
though apparently considerably in excess of what could 
be expected geochemically. This fact casts doubt on the 
reliability of our figures for the absolute amount present, 
though the relative variation may perhaps be real. The 
distribution is summarized in table VII-28. The appar- 
ent enrichment in the lake sediments is curious and casts 
further doubt on the figures. It 1s possible that there 
is a slight increase in platinum in zone C over the 
concentration in zone B, with perhaps some association 
with organic matter. 

Organic Matter: The distribution of organic matter 
whether measured as organic nitrogen, organic carbon 
(core 2 only) or ignition loss, is highly characteristic 
(fig. VII-33). The quantity is moderate in zone A and 
the lower part of Ву, falls to a fairly prolonged minimum 
in Bs and the base of Вз and then rises very rapidly 
to the organic maximum at the Вз/С, boundary. The 
events in zone C are clearly complicated though ap- 


TABLE VII-28 


DISTRIBUTION OF PLATINUM (parts per million) 








Undecomposed lava (1. uncorrected) 0.56 
Decomposed lava (1, Is) 0.47 
Soils (mean ІА, ПА, Comp.) 0.48 
Mean sediment 0.64 
Zone А 0.73 
Zone B 0.67 
Zone C 0.73 
Lithosphere (Taylor) 0.001 
Water of lake (central) 0.00005 
Water of lake (littoral) 0.000002 
Water of Fontana di Papa Leone 0.00006 
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Fic. VII-33. Carbon and nitrogen and the 
C/N ratio in core 2. 


parently fairly concordant in both cores. The C:N 
ratio varies rather irregularly, being obviously very 
sensitive to any errors in determination of carbon, but 
shows no indications of significant systematic variation. 
The ratio of the mean values is a little higher in B, and 
a little lower in B» than in the other levels. The individ- 
ual values are given graphically in figure VII-33, the 
ratio of the mean values for the various zones in table 
VII-29. 

It may be recalled that the pollen analyses (see 
fig. V-1) of core 1 show a sudden increase in Sphag- 
num spores at 193 centimeters rather below the middle 
of B», and that such spores persist in moderate numbers 
up to the top of Bs. It is evident that during the period 
when Sphagnum was a significant component of the 
vegetation of the lake, the C:N ratio of the forming 
sediments was not higher than at other periods. There 
is, therefore, no suggestion of the production of a peat 
with a high C:N ratio at this or at any other time. 

There appears to be a correlation between organic 
content as indicated by ignition loss of the dry sediment 
and the water content of the wet sediment. This is 
most striking in core 2, as the deepest seven samples 
of core 1 have a lower water content than would be 
expected from any of the other material and presumably 
lost some water in transport from Italy to New Haven. 
For core 2 the correlation coefficient of water content 
on organic matter 15 0.5938 which is just significant to 
the 0.001 level; the correlation in core 1 alone (0.3339) 


TABLE VII-29 








N C C/N 
C» (0-66 cm.) 0.704% 6.74 9.6 
C, (66-121 cm.) 0.984 10.14 10.3 
B; (121-151 cm.) 0.247 2.66 10.8 
В» (151-190 cm.) 0.217 1.86 8.6 
В, (190-230 cm.) 0.364 4.36 12.0 
А (230-278 ст.) 0.521 5.20 10.0 
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is not significant, but for the whole set the coefficient of 
0.4724, though lower than for core 2, is significant to 
the 0.001 level. It is evident that the organic matter 
contributes to the retention of water in the sediment as 
it 1s deposited. 


THE GEOCHEMICAL PATTERNS OF 
EROSION AND SEDIMENTATION 


With the results of the foregoing detailed discussions 
before us, we can proceed to an analysis of the kinds 
of process that have led to the observed distributions. 
In such a discussion a further set of derived data, 
namely the percentage standard deviation, as a measure 
of the variance of the concentration of the element in the 
uncorrected sediment, is useful. These data are given 
in table VII-30, together with the ratios of the concen- 
trations relative to titanium of these elements in the 
mean sediment to those in the lava and in the soils. It 


TABLE VII-30 


VARIANCE OF UNCORRECTED CONCENTRATIONS AS PERCENTAGE 
OF MEAN (1) AND RATIOS, BASED ON GRAMS PER GRAM TI, OF THE 
QUANTITY OF ELEMENT IN THE MEAN SEDIMENT TO THAT IN THE 
LAVA (2) AND TO THAT IN THE MEAN SOIL (3). Figures in column 
(2) in excess of unity indicate enrichment and those below unity 
impoverishment in the sediments relative to the ultimate source 
as represented by the lava while the same relationship relative 
to the mean soil as a sample of the immediate source is given by 
column (3). Bold face type indicates a change by at least a factor 
of two. When column (2) differs markedly from unity but column 
(3) does not, as in the case of sulfur or potassium, a great change 
is occurring in pedogenesis but relatively little change in sedi- 
mentation ; when the two columns differ markedly from unity but 
little from each other, as in the case of sodium, the change is 
occurring primarily in sedimentation, while a progressive change 
involving both processes is demonstrated in cases such as bromine 
and ignitable organic matter. In the case of gallium and perhaps 
zinc, enrichment in sedimentation follows depauperation in 
pedogenesis. 
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5 96.5% | 20.8 |11 || НЕ 


21.7%| 0.89 0.88 
CI 53.91 1.5 |0.52]|| Se | 20.6 1:2 1.6 
Br 3212 42 |2.9 |У | 19.7 —- 1.5 
Са 50.0 0.14 |0.17. Ва | 19.7 0.71 0.95 
Mn 48.4 0.97 | 0.71 || Nd | 18.3 1.6 1.4 
Р 39.5 0.67 | 0.90 || Ni | 17.4 1.8 1.5 
Na 37.8 0.34 | 0.32 | Mg | 17.3 0.71 0.80 
As 37.3 1.4 |11 |K |172 0.29 1.3 
Sm 34.1 1.3 |1.3 || Cr | 16.7 0.74 0.68 
Zn 30.7 1.5 | 2.1? || Се | 15.8 0.91 1.3 
Ign. loss | 30.6 19.5 13.3 |! 15.3 1.3 1.6 
Sr 30.1 0.46 | 0.43 Е 15.0 0.30 1.3 
Rb 28.6 0.97 | 0.68 || Pb | 13.8 1.3 1.7 
Pr 26.0 2.0 | 1.4 || Se | 13.5 1.1 0.93 
Co 23.9 1.1 | 0.96 Zr | 10.7 0.78 0.90 
Cs 23.7 1.5 |1.2 | $1 | 10.0 0.96 1.2 
Ее 23.4 1.1 10.89 Са | 9.9 1.4 2.0 
La 22.0 0.91;1.0 || Cu | 9.4 1:2 1.1 
Nb 21.9 1.2 |0.85 | Al 9.0 1.2 1.3 

Ti 7.3 unity by definition 





! Core 2 only. 
? Ratio to soils omitting composite. 
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has proved convenient in the presentation of this part 
of our discussion to refigure some of the vertical distri- 
butions in core 2, regrouping the elements in the fol- 
lowing categories. 

a. It 1s possible first to recognize a group of elements 
of relatively constant concentration throughout the core 
(fig. VII-34 first panel). This group consists of silicon, 
aluminum, gallium, titanium, zirconium, and copper, 
for which the standard deviation is less than 11 per 
cent of the mean. If titanium 1s supposed to be com- 
pletely conservative, which is admittedly an arbitrary 
approximation, there has been a slight loss of zirconium 
in pedogenesis, possibly a slight loss of silica followed 
by a slight gain in the formation of the lake sediment, 
little change in the copper content and a fairly definite 
enrichment in both aluminum and still more in gallium. 

In the case of silicon the history 1s clearly more com- 
plicated than 1s suggested by the ratios of the table, and 
we know something about the minor details of the 
movement of the element. Much more of the silica 
dissolves in the basin and enters the lake in solution 
than is the case with the other oxides of the present 
group of elements. Some of this dissolved silica may be 
lost by seepage but much 1s reprecipitated as opal in 
the form of diatoms, sponge spicules, and in earlier 
times chrysophycean cysts. The presence of quartz in 
the sediments suggests an external source of wind-borne 
silicon, for there 1s unlikely to be much if any present 
in the primary source materials of the basin. That the 
51: Та ratio should be higher deep in zone B than in 
zone C 1s reasonable, for the titanium will be deposited 
solely as a result of mechanical erosion and sedimenta- 
tion in the basin, so that a constant addition of silicon 
either by biological precipitation or from wind-borne 
quartz would have raised the ratio whenever the rate 
of sedimentation of mechanically eroded material from 
the basin declined. 

The apparent loss of 21гсошит may be due merely 
to the lava, the soils, and the other materials ш the basin 
not giving a quite true estimate of the amount of the 
element present in the original source material. Hafnium 
does not formally belong in the present group of ele- 
ments, as its percentage variance 1s about twice that of 
zirconium. This is no doubt partly due to error in 
determining the small quantities of the element present, 
but there also seems to be an increase in the Hf:Zr 
ratio on passing from the older to the younger sediment, 
a phenomenon more regularly indicated in core 2 than 
in core 1. If there has been any real loss of either ele- 
ment in passing from the surficial source material to the 
lake sediments, this loss seems to have increased a little 
with time in the case of zirconium, but not in the case 
of hafnium. It will be noted that while the mean soil 
contains, relative to titanium, rather more of both ele- 
ments than does the sediment of zone C, the Hf:Zr 
ratio is the same in the two materials. These observa- 
tions suggest a rather greater loss of zirconium propor- 
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Fic. VII-34. Distribution in core 2 of relatively invariant elements (Si, Ti, Zr, Hf, Al, and Ga) and of elements showing 
maxima in zone В, (Na, К, Е, Se, Cr), based on total inorganic constituents. 


tionately than of hafnium in pedogenesis, while both 
elements seem to be lost equally in the production of 
the lake sediment. The effects, however, may well be 
too small to be of any significance. 

Both aluminum and galium appear to show a gain 
relative to the source materials. This we think is real 
and we believe it to be due to some aluminum moving 
independently of the much less motile titanium in the 
aqueous phase, later to be precipitated in the lake. The 
effect is greater in the case of gallium than aluminum. 
Water analyses indicate а Ga: Al ratio, in the water 
entering the lake, greater than that found in any of 
the materials of the basin or of the lake sediments. 
Since the gallium content of the water entering the lake 
is high, precipitation of any insoluble materials con- 
taining the elements in the proportion found in the 
lake or spring water would cause an enrichment in 
gallium. It must however be admitted that in this case, 
as with zirconium and hafnium, the differences involved 
are not great. 

The behavior of copper is curious. There is an indi- 
cation of a maximum when organic matter and iron 
are high, as might be expected (Mackereth, 1966), but 
the general low variance of the copper concentrations 
is rather unexpected. 

On the whole the five members of this group, other 
than copper, would, with hafnium, be regarded as 
residuate and hydrolysate elements, and are behaving 
in broad outline, as would be expected. 

b. There is a clearly defined group of elements, all 
present in small quantities, which show a minimum con- 


centration, relative either to the matrix or to titanium, 
in the slowly sedimented material of zone B, generally 
in the subperiods B, and Bs, and with higher concen- 


TABLE VII-31 


ELEMENTS OF GROUP b, РЕК 1,000 PARTS TI, IN LAVA (le), MEAN 
SOIL, MEAN SEDIMENT, MEAN OF THE MINIMUM VALUES IN 
ZONE В, AND MEAN OF MAXIMUM VALUES IN ZONE С.. 

In the case of the zinc data for the mean soil, figure 
in parentheses includes composite, the other 


does not. 
Mean 
Mean Mia Maxi- 
Element Lava | Mean soil | sedi- | mum | Pm 
ment | sedi- ‚ан! 
ment in С» 
Subgroup 51 
Conc. soil: conc. sedi- 
ment >1 
Rb 57 81 55 38 82 
Sr 178 186 81 51 129 
Subgroup 62 
Conc. soil: conc. sedi- 
ment ~1 
Sc 2.2 2.6 2.5 2.0 2.8 
La 24.0 19.0 20.0 | 13.0 | 23.0 
Subgroup 53 
Conc. soil: conc. sedi- 
ment <1 
Cs 2.2 2.8 3.3 2.2 4.4 
Се 69.0 66.0 88.0 | 62.0 | 89.0 
Pr 0.7 1.1 1.3 0.7 1.6. 
Nd 2.2 2.6 3.9 2.7 4.5 
Pb 9.9 7.8 13.3 | 10.5 | 16.7 
Zn 7.5 | 5.3 (9.2) | 11.3 5.6 12.5 
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trations in zone C, usually in Cs, than elsewhere (fig. 
VII-35 middle panel). This group contains rubidium, 
cesium, strontium, the rare earths except samarium, 
zinc, and lead. A subdivision into three subgroups is 
suggested by the ratios of the mean quantities relative 
to titanium to the quantities similarly expressed in the 
materials of the basin (table VII-31). In the first sub- 
group (61) containing strontium and rubidium there 
is very clear evidence of striking loss of the element 
during sedimentation, the mean sediment containing 
less of the element than the mean soil. 

In the second subgroup (52) consisting of scandium 
and lanthanum, changes in pedogenesis and sedimenta- 
tion are small and inconsistent. 

In the third subgroup (53), containing cesium, 
cerium, praseodymium, neodymium, lead, and probably 
zinc, there 1s a clear gain at some stage in the process 
of sedimentation, the mean sediment containing more 
of the element than the mean soil. 

In general in subgroups 61 and 62, in which the 
average sediment is poorer or at least not enriched in 
the element, when compared with the source materials, 
the amount of the elements at the time of the minimum 
shows a marked net loss. In group 53, however, the 
minimum amount is in general approximately what 
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would be expected of erosion and sedimentation if no 
leaching and loss by seepage had occurred, while below 
and still more above the minimum there is an enrich- 
ment. These facts make the interpretation of the ob- 
served distribution very difficult. It was at first supposed 
that the form of the curve exhibited by all these ele- 
ments represented loss of the element due to leaching 
of material that was being eroded, transported, and 
sedimented very slowly, as was undoubtedly the case 
in period B. This hypothesis, however, fits only sub- 
groups bl and b2. If the data for the surficial materials 
and the sediments are truly comparable in the case of 
the elements of 63, and there is no reason to doubt 
this, either the surficial materials do not represent the 
source material, which in the case of the mean soil and 
zone Cə is very improbable or there has been a genuine 
enrichment of the kind also noted for aluminum and 
gallium. There 15, however, no clear evidence of im- 
poverishment of the material left behind in the basin. 
Тре most reasonable explanation of the distribution of 
the elements of subgroup 63 would seem to be the 
superposition of an enrichment process like that ob- 
served in the cases of aluminum and gallium, on a 
distribution of the kind found for strontium and rubid- 
ium, which 15 reasonably attributed to prolonged leach- 
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ing of the most slowly eroded and sedimented material, 
followed by loss by seepage from the lake. Even this 
dual process is not a very satisfactory explanation of 
the facts. 

c. Calcium, while not showing a decline in passing 
from the bottom to В., nevertheless rises very markedly 
in entering zone C (fig. VII-35, first panel). It is 
clearly more mobile than any of the elements of group 
b, but unlike the very mobile members of group d, it 
is not impoverished in the weathering products initially 
left in the basin. It was thus clearly to some extent held 
back when weathering and slow erosion took place, 
to be delivered in considerable quantity when rapid 
erosion started in passing from Вз to Cı. Nevertheless 
even from the material deposited during period C a 
very large part of the calcium is lost, presumably by 
seepage from the lake itself. Phosphorus exhibits com- 
parable behavior to calcium but to a less extreme degree. 
Most of the phosphorus is presumably present as an 
apatite and such a mineral probably accounts for all 
the non-exchangeable calcium, except in zone Cə. Mag- 
nesium behaves in a manner intermediate between 
calcium and the elements of group b, but also ex- 
hibits minor variations apparently related to those 
of potassium. 

d. The three elements, namely fluorine, potassium, 
and sodium (fig. VII-34, second panel), which show 
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the greatest proportional losses during the initial weath- 
ering of the lava, all exhibit maximum concentrations 
in the sediments late in zone А and early in Bı. Sodium 
is somewhat less regular in its behavior than 1s potas- 
sium, but the general drift in the distribution of the 
three elements is comparable. It is probable that, if 
the initial composition of all the material of the drainage 
basin resembled the contemporary unweathered lava, 
the water draining into the lake would be considerably 
higher in these three elements, in solution, early in the 
history of the basin than at any other time. It is reason- 
able to suppose that the high values observed late in 
period A and early in period B imply this situation. 
Their rise to a maximum in B, probably reflects the 
decrease in the ratio of mechanical sedimentation to 
chemical fixation during the early history of the basin. 
The distribution of the exchangeable fractions of the 
two alkalies shows that only very small proportions of 
both are exchangeable, and this proportion is least 
where the total concentrations are greatest. If, as we 
believe, the maxima in potassium and sodium are due 
to chemical fixation from the greater quantities in 
solution early in the history of the lake, the elements 
were clearly fixed from solution in an insoluble form 
either as the sediment moved into the lake or after its 
deposition. In the case of fluorine, there is also a sug- 
gestion of special mechanisms of fixation. In the unde- 
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composed lava the quantity is greatly in excess of the 
quantity that could correspond stoichiometrically with 
the phosphorus as ideal fluorapatite. In the decomposed 
lavas approximate stoichiometric equivalence is possible 
and, on general grounds, probable. In the deeper sedi- 
ments, where the phosphorus concentration is rather 
low, only 30-50 per cent of the fluorine could be present 
as fluorapatite. This suggests that the fluorine in these 
sediments may not be in the same form as in the de- 
composing lava and that some fixation has occurred. 
We are unable to go further than suggest that for these 
three elements, processes of fixation did take place (fig. 
VII-34 second panel). 

e. In the cases of vanadium, chromium, and selenium, 
there appears to be a comparable distribution to that 
Just discussed, but one which probably has a different 
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origin involving redox phenomena that would not be 
shown by fluorine or the alkalies. Chromium 15 lost 
from the lava on decomposition proportionately more 
than any element save fluorine and potassium, but se- 
lenium is far less mobile, at least under modern condi- 
tions; and vanadium, though mobile, is perhaps fixed 
in the surficial materials of the basin. All three elements 
are, however, likely to enter solution primarily under 
oxidizing conditions, which would probably develop 
most easily in a fairly arid climate. It has been suggested 
above that the maximum 1n these elements in В, may 
reflect the cold arid conditions indicated by the Artemisia 
flora apparent in the pollen profile. It 1s supposed that 
at all times there is just enough reducing organic matter 
in the lake sediments to reduce and so to fix the ele- 
ments. In the cases of chromium and vanadium some 
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association with organic matter is observed later in the 
history of the lake, as in the next group. 

f. Iron, though it shows an increase in zone C quali- 
tatively like that of calcium, also exhibits great maxima 
in zone B. These are associated with maxima in manga- 
nese, cobalt, and to some extent nickel, arsenic and, with 
less vertical variation, copper (fig. VII-36 first panel). 
It 15 probable that the iron and manganese maxima 
reflect a fall in redox potential in the soil of the basin, 
and that the other elements of the group become associ- 
ated with these two. 

g. Lhe halogens other than fluorine are apparently 
largely associated with organic matter, so that their 
concentration must depend on the relative rates of or- 
ganic production and inorganic sedimentation (Br, fig. 
VII-36 second panel). There is evidence, derived pri- 
marily from the distribution of bromine, but probably 
applicable to 10dine and chlorine, that the quantities of 
the elements actually observed have been introduced 
by rain and are largely independent of the supply from 
the rocks of the basin. Sulfur, with a different distribu- 
tion is, however, probably a member of the same group 
so far as its origin is concerned. 

h. There remain some special cases. Sedimentation 
of barium may be influenced primarily by sulphate con- 
centration and so be dependent on redox potential 
changes, though the details of its distribution raise prob- 
lems which cannot be resolved. 

Samarium (fig. VII-35 third panel) departs radically 
from the pattern of the other rare earths developing an 
individual distribution concordant in the two cores 
perhaps in part comparable to those of the elements of 
groups d and e, but which is just conceivably due to 
special exchange properties of the zeolites that are 
formed transitorily in the decomposition of the rocks 
of the basin. 

Niobium, antimony, and platinum seem to show 
peculiar distributions, but the validity of the data for 
the second and third of three elements is very ques- 
tionable. 


MINERALOGY OF THE SEDIMENTS 


study of the sediments of core 2 by X-ray diffraction 
indicates the presence of a poorly crystalline halloysite 
giving a strong reflection at 7.4 À (fig. VII-37). Ethyl- 
ene glycol has no effect on this mineral but heat treat- 
ment at 550? centigrade for one hour removes the 
reflections, as would be expected. No evidence of endel- 
lite (halloysite with 4Н.О) was found in unheated 
sediments. There is in addition an illitic component 
with a strong reflection at 10.4 À and a weaker one at 
5.0 À; the 3.34 À reflection of illite would be obscured 
by quartz. Both clay fractions tend to be greater in the 
deeper zones; the clay reflection at 4.46 À which is less 
diagnostic and often appears in very poorly crystalline 
material does not vary (fig. VII-38) with the inten- 
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Fic. VII-38. Intensity of 10.4 A and 5.0 А reflections of illite, 
and the 4.48 À clay mineral reflection plotted against the 
intensity of the 7.4 А reflection of halloysite. The increase 
of both halloysite and illite with depth is not indicated in 
the 4.48 А reflection, which apparently is largely due to 
poorly crystalline material. 


sities of the other reflections though its thermal insta- 
bility suggests that it is mainly due to halloysite. Heat- 
ing for one hour at 850? centigrade removes all or 
almost all of the 10.4 À reflection. Quartz is present 
throughout, most strongly in the slowly sedimented 
materials of zone B but also in quantity in zone А; 
the significance of this quartz has already been discussed. 
Indication of unaltered augite can be found at all levels; 
this is the only identifiable phase represented in the 
lava that is carried over into the sediments. Heating 
produces а-Ее2Оз; the source of this material is 
probably pyrite, but 15 unfortunately not identifiable 
(fig. VII-39). 

Differential thermal analysis (fig. VII-40) indicates 
the strong endotherm of halloysite at 535—550? centi- 
grade, present also in the composite soil from the basin, 
but there are also complicated exotherms at higher tem- 
peratures. Part of this pattern may be due to the forma- 
tion of a-Fe,O3, but in general apart from the initial 
endotherm of dehydration about 130? centigrade and 
that involving the destruction of the halloysite lattice 
at about 540? centigrade, the curves are puzzling. 

It 15 probable that a great deal of essentially amor- 
phous aluminosilicate is present. The cation exchange 
capacity of the sediment is, in view of this rather ill- 
defined clay content, fairly high, being around 50 
milliequivalents per 100 grams of dry sediment in zones 
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A and B rising to high values of 75-100 milliequivalents 
per 100 grams in C, and then falling to somewhat lower 
values in C» (fig. VII-41). About half the capacity at 
most levels is saturated with calcium. There 15, as has 
been pointed out, a marked increase in exchangeable 
alkaline earths at the Вз/С, boundary. Exchangeable 
potassium also rises, but somewhat later. The rise in 
exchangeable sodium is much less definite. As in Laguna 
de Petenxil (Cowgill and Hutchinson, 1966) the ex- 
changeable sodium appears to be associated with the 
brown color extracted by the ammonium acetate solu- 
tion used in determining the exchangeable cations, the 
correlation coefficient being 0.610, significant to the 


0.001 level. 


SEDIMENTATION RATES, ORGANIC 
PRODUCTIVITY, AND THE NATURE 
OF THE HISTORIC CHANGES IN 
THE BASIN 


Variation in the Rates of Total Sedimentation: For 
core 1, for which we have eight radiocarbon dates, it 
is possible to calculate sedimentation rates for periods 
B and C in fair detail. In view of the closeness of the 
top two dates, which lie in a period of uncertainty im 
the translation of radiocarbon years to the calendrical 
years of Christian chronology, it has seemed best to 
take an average figure of 994 в.р. for the deposition of 
the top 73 centimeters of sediment. It has, however, 
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appeared legitimate to interpolate from core 2 an esti- 
mated date of 2300 в.р. for the В»/С, boundary. We 
thus have eight datable intervals in core 1. For period 
A we can only rely on core 2 and on general geological 
considerations. 

From the radiocarbon dates, the estimates of the 
density of the material ги situ (table УП-32 column 4), 
and the water contents of the wet samples and the in- 
organic content of the dry, it 1s possible to calculate 
the average rates, for each dated interval, of deposition 
of wet sediment in centimeters per millennium, and of 
water, of inorganic matter and of ignitable material in 
grams per square centimeter per millennium (or milli- 
grams per square centimeter per year), as has been 
done in columns (6) to (10) of table VII-32. 

In assessing these results, it must be remembered 
that the radiocarbon dates have been referred to the 
mid-points of the sections of the cores used in the deter- 
minations of age. If the carbon content is changing 
rapidly, this may introduce an error, but we believe 
that such errors are relatively unimportant. It must 
also be born ш mind that the whole argument 15 neces- 
sarily based on radiocarbon "years" which may vary 
slightly in length throughout the total time span. Again, 
for the purposes for which the data have been used, this 
error does not seem to be important. 

For period А we have, in core 2 at the top of the 
zone, two dates which when averaged give an age of 
24,250 в.р. for the 231.5 centimeter level and one date 
giving 24,650 + 1000 в.р. for the 257 centimeter level. 
Taken at face value, these dates imply a sedimentation 
rate of 64 centimeters per millennium. It is, however, 
obvious from the large counting error that such a 
figure cannot be taken very seriously. In view of the 
date of 24,460 = 1300 в.Р. for the bottom of core 1, 
which is probably contemporary with the top of zone A 
in core 2, the latter may be a little older than 24,250 в.р. 
but 15 also possible that more of core 1 belongs in zone 
A than we have allowed in our initial stratigraphy. АП 
that these figures really show is that, during period A, 
sedimentation was considerably more rapid than ш the 
succeeding period B,. Bonatti (see p. 26), reviewing 
the geological evidence, concludes that the Monterosi 
crater cannot have been formed after about 26,000 в.р. 
since the basin would presumably immediately start 
collecting material eroding from its rim, this date 1s 
presumably the latest possible one for the bottom of 
core 2. If such a date 1s accepted the duration of period 
A would be about 2,000 years, and the sediment would 
have deposited during that time at an average rate of 
25 centimeters per millennium; this is about six times 
as fast as during the subsequent period B, but less than 
half as fast as the rate during the past two millennia at 
the site of core 1. In default of further information, 
figures based on this estimate are entered tentatively in 
table VII-32. They may be excessive, but there is little 
doubt that a decline in rate did really take place at the 
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Fic. VII-40. Differential thermal analysis of composite soil 
and six sediment samples throughout core 2. Note endo- 
therms at 130-135? centigrade and 535-550" centigrade 
characteristic of halloysite and the large irregularly de- 
veloped exotherms about 600? centigrade. 


end of period A. In core 1, the sedimentation rates are 
seen to be very low in В, and Be, the minimum rate 
measured as thickness per unit time being 3.3 centi- 
meters per millennium at about the B,/Bs boundary. 
since the density of the sediment in В. is greater than 
in B,, the minimum rate of deposition, measured as 
mass per unit area and time, falls rather earlier, in 
B,. The slightly greater rate of deposition at the site 
of core 2 during period B appears, from our strati- 
graphic divisions, to be due to an increment in rate of 
sedimentation in Bs, which affected core 2 more than 
core 1. Owing to the somewhat critical nature of the 
detailed correlation of the older parts of the two cores, 
little weight should be given to this conclusion. 
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In period C there is a great increase in sedimentation 
and a real difference between the two cores. Our di- 
vision into Cı and С» was established independently 
of the calculation of sedimentation rates and was based 
solely on water content, ignition loss and nitrogen 
content. According to this division, С, has a thickness 
of 62 centimeters in core 1 and of 55 centimeters in core 
2, while the thickness of С. is 95 centimeters in core 
1 but only 66 centimeters ш core 2. The greater thick- 
ness of zone C in core 1 is, therefore, primarily due to 
events in C» rather than in C4, after about 1200 в.р. ог 
roughly 800 д.р. Presumably the effects of the distur- 
bance culminating at about this date, and discussed 
later, lasted longer at the site of core 1 than at that 
of core 2. 

Inorganic Matter, Water ата Organic Matter: The 
Chronology of the Major Events in the Basin: The rate 
of deposition of inorganic matter during period A, 
though not accurately estimable, was evidently high, 
but probably not as great as during period C. The 
slowest inorganic sedimentation occurred in Ву, and 
from this minimum the rate rises very gradually indeed 
until well into Вз, when it increases as the organic 
maximum at the B3/C, boundary is reached. The great 


increase in the rate, however, occurs after the organic 
maximum, and as appears below, probably culminated 
about 1200 в.р. or roughly 800 Ар. Thereafter, during 
С» the rate evidently declined, though the exact form of 
the decline cannot be estimated from the available 
data. When the water contents and ignitable organic 
matter are examined in the same way, a comparable 
pattern emerges except that the decline going from A 
to B continues so that the minimal rates of sedimenta- 
tion are in Bs. Thereafter, there is a slight but increas- 
ingly rapid rise in rate which becomes very marked on 
entering C,; these increments occur relatively earlier 
than in the case of the inorganic sedimentation, and it 
is apparently due to this that there is an organic maxi- 
mum in the composition of the sediments. The variation 
in the deposition of organic nitrogen 15 similar to that 
of ignitable organic matter, but can be treated in greater 
detail as has been done in a later section (see p. 95). 

The overall pattern of sedimentation, therefore, ap- 
pears to have been as follows. Initially, and probably 
very shortly after the explosion that formed the basin, 
erosion and sedimentation were rapid and it would seem 
likely that organic productivity was quite high. After 
about 24,000 в.Р. a period of very slow sedimentation, 
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CALCULATION OF SEDIMENTATION RATES IN GRAMS PER SQUARE CENTIMETER PER MILLENNIUM (СИ YEARS) FOR THE 
PROXIMATE COMPONENTS OF THE SEDIMENT AND FOR ORGANIC NITROGEN, OVER INTERVALS BETWEEN THE 
RADIOCARBON DATES FOR CORE 1; A ROUGH ESTIMATE FOR A PERIOD А IS BASED ON THE ASSUMPTION 
THAT THE AVAILABLE SECTION OF THE CORE REPRESENTS 2,000 YEARS 
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ны” [Boundaries of Radiocarbon Mean dens Sedimentation rates per millennium 
successive stratigraphic radioé arb on sity of wet 
radiocarbon zones used ] years sediment cm. gr. ст.-2 =, | вт. ст.7? | gr. ст.7? gr. ст.2 г. ст.-2 
samples) wet wet gr- -cn dry inorganic ignitable organic 
ст. sediment | sediment water sediment matter matter N 
Core 1 
0-73 0-993.5 73.5 76.1 57.5 18.6 16.2 1.6 0.107 
13-115 ГС./С. 95 ст. | 993.5—1349 1.035 118.0 122.1 80.7 41.4 33.7 7.7 0.286 
115-135 1349-1573 | 94.0 97.3 71.0 26.3 21.3 5.0 0.218 
135-157 1573-2300 30.0 31.1 23.5 7.6 5.7 1.9 0.088 
157-164.5 | ГС./Вз 157 cm. | 2300-3037 1.159 10.0 11.6 6.6 5.0 4.0 1.0 0.031 
164.5-199.5 | [B;/B2 173 cm. | 3037-10,920 1.460 4.4 6.4 2.6 3.8 3.4 0.4 0.012 
199.5—219.5 | [В,/В, 203 cm. | | 10,920-17,040 1.297 3.3 4.3 1.3 3.0 2.7 0.3 0.008 
219.5-246 [B,/A 243.5 ст. ]| 17,040-24,460 1.041 3.9 4.1 1.8 2.3 1.8 0.5 0.012 
Соге 2 
230-279.5 | [B/A 230 cm. | assumed 2000 1.04 24.75 25.7 14.8 10.9 9.7 1.2 0.057 


with very low productivity and water retention, began 
and lasted with slight variations for a period of about 
13,000 years, covering the whole of the period of Alpine 
deglaciation. Inorganic sedimentation increased very 
slightly from a minimum early at the beginning at this 
time, while organic production and water retention 
were still decreasing slightly. After 10,000 в.Р. there 15 
a slight increase in the rate of all three kinds of sedi- 
mentation, and this increase becomes rather more 
prominent after 3000 в.р. The increase in organic de- 
position and water retention now occurs more rapidly 
than that in inorganic sedimentation, leading, as has 
just been indicated, to the organic maximum in the 
composition of the sediments around 2200 в.р. АП 
major types of sedimentation, however, continue to 
increase and it is only after the С/С» interval that 
both erosion and organic production seem to have de- 
clined. It is possible that this increase is largely due to 


events that increased the sedimentation solely at the 
site of core 2. 

Variation in Sedimentation Rates of Individual 
Elements: When the individual elements are examined 
(tables VII-33 and VII-34), those which are strongly 
correlated with the organic matter of the sediments, 
tend to exhibit a pattern of variation in sedimentation 
rates comparable to that of organic nitrogen. This 15 
true for iron, cobalt, arsenic, and bromine. All other 
elements exhibit their maximum increment in sedi- 
mentation rates at the time when the great rise in rate 
of total sedimentation occurs sometime during the 
first millennium A.D. There is, however, a clear tendency 
for sodium, chlorine, iodine, nickel, vanadium, calcium, 
and phosphorus to exhibit an increase in rate a little 
earlier than the other elements. In passing from the 
interval 3037-2300 в.р. to that 2300-1573 в.р., these 
elements exhibit a more than twofold increase. Iodine 


TABLE VII-33 
SEDIMENTATION RATES OF MAJOR INORGANIC CONSTITUENTS, OVER SAME PERIODS AS IN TABLE VII-32 


Sedimentation rate, grams per square centimeter per millennium 


Thickness of layers 
(cf. table VII-32) 


| | ——— | ————M— | |—Ó—— |—— | ——— | ———— | | ————————_ 


Na2O К.О MgO CaO А1:Оз 
Соге 1 

0-73 0.090 0.263 0.238 0.507 4.27 
73—115 0.250 0.595 0.453 0.968 8.96 
115-135 0.155 0.378 0.280 0.587 5.55 
135-157 0.055 0.108 0.074 0.155 1.40 
157-164.5 0.018 0.078 0.038 0.055 0.93 
164.5-199.5 0.026 0.069 0.031 0.041 0.80 
199.5—219.5 0.032 0.070 0.023 0.026 0.65 
219.5- 246 0.024 | 0.047 0.017 0.025 0.39 

Соге 2 | 
230—279.5 0.085 0.200 0.108 0.084 2.57 


$102 TiO» MnO Fe203 P20; Cl SOs 
8.48 0.165 0.0262 1.68 0.136 0.0076 0.228 

17.57 0.363 0.0408 3.31 0.335 0.0098 0.582 

11.11 0.230 0.0264 2.23 0.270 0.0064 0.305 
3.10 0.064 0.0098 0.97 0.079 0.0027 0.096 
2.32 0.044 0.0076 0.38 0.033 0.0015 0.067 
2.04 0.036 0.0048 0.27 0.020 0.0018 0.033 
1.63 0.024 0.0029 0.19 0.008 0.0013 0.236 
1.08 0.015 0.0009 0.10 0.004 0.0007 0.085 
5.28 0.097 0.0037 0.65 0.045 0.0040 0.485 
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TABLE VII-34 
SEDIMENTATION RATES OF MINOR CONSTITUENTS 











Sedimentation rate, milligrams per square centimeter per millennium 
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and nickel clearly belong with bromine and iron re- 
spectively as associates of organic matter; chlorine and 
vanadium may do so also. The data for sodium in core 
1 are not concordant with those for core 2; as far as 
they go they also suggest an association with the organic 
maximum. Calcium and phosphorus, which remain high 
throughout zone C, are clearly correlated in their migra- 
tion, in this part as well as in the rest of the profile. 

The variations in the sedimentation rates in the lower 
part of the core are less instructive, in the sense that 
they show little that 1s not apparent from the direct 
inspection of the analytical data. Where there is a 
strong minimum in B, or В», as in the cases of stron- 
tium, rubidium, zinc, and the rare earths other than 
samarium, the rate of increase of the sedimentation 
rate falls somewhat in the middle of the zone. In a 
very few cases the rate actually decreases. This 1s true 
of samarium around 3000 z.»., a finding that emphasizes 
the difference, already discussed, between this element 
and the other rare earths. 

Potassium, sodium, and fluorine show a maximum in 
sedimentation rate low in zone B, with a decline on 
entering Bə, though in the case of fluorine this decline 
is marginal. These three elements, as has been indicated 
earlier, are differentially leached from the lava early 
in its decomposition. Their higher rate of entry into the 
sediments in the early history of the lake is presumably 
related to this fact, though it is not clear (see p. 57) 
in what forms they are incorporated into the material 
that was being deposited. The sedimentation rate of 
vanadium also falls at the bottom of zone B, and it is 
possible that this element parallels potassium, sodium, 
and fluorine in its behavior. The changes in the rate 
of sedimentation of chromium and selenium indicate 
practically no increase in rate after the close of By, until 
the end of Bs, but there is not an actual decrease in the 
rate of deposition. 

Estimation of Organic Productivity: In order to 
obtain a more detailed estimate of the variation in the 
rates of deposition of the organic fraction, measured 
either as ignitable matter or as organic nitrogen, partic- 
ularly late in period B and in the first part of period 
C, where the changes are most interesting, the data 
have been treated in the following way. 

In panel A of figure VII-42, the solid vertical bars 
represent the mean rates of inorganic sedimentation in 
core | over the intervals between the radiocarbon dates. 
It is now assumed that the variation of these mean rates 
was continuous in passing from one interval to the next. 
The broken line was then drawn as an estimate of this 
variation providing the simplest distribution consistent 
with the mean rates actually determined. The inorganic 
fraction was used in this procedure as its rate of sedi- 
mentation varies rather less than does that of the organic 
matter and it 1s likely to be less sensitive to changes in 
the basin. From the broken line and from the ratio of 
ignitable matter to inorganic matter, or total nitrogen 
to the latter (fig. VII-42 panel B), it is possible now 
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Panel A. Estimate of sedimentation rate as a function of depth in core 1. 
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B. Ignitable organic matter and 


C. Estimate of rate of deposition of nitrogen as a function of depth, the 
organic nitrogen brought in by erosion (see text). 


D. Esti- 


mate of rate of deposition of ignitable organic matter as a function of depth, uncorrected and corrected as in panel C. 


to draw curves giving the rate of sedimentation of 
ignitable matter (fig. VII-42 panel C) or nitrogen 
(fig. VII-42 panel D) at various depths. Since we have 
a large number of nitrogen determinations from very 
short and so accurately placed samples of the core the 
figures for this substance, references to interpolated 
values of the inorganic sedimentation rate are particu- 
larly valuable. These estimates of nitrogen deposition 
can be further corrected for allochthonous nitrogen 
present in the material washed into the lake, by using 
the ratio of the total mean nitrogen in the soils of the 
basin (I4, II4, Comp.) to the mean inorganic content 
(sum of inorganic constituents by X-ray fluorescence) 
namely 0.152 gram per 100 grams inorganic matter. 
From this figure we estimate the rate of deposition of 
such allochthonous nitrogen corresponding to the in- 
organic sedimentation and subtract this from the rate 
based on the nitrogen determinations. The corrected 
curve is given by the dotted line of figure VII-42 panel 
D. No correction has been applied below 165.25 centi- 
meters. For the deeper levels we have no guarantee that 
the eroded material would have the same source composi- 
tion as modern soils. Any correction would be too small 
to affect the curve significantly. 

Ideally the same sort of correction can be applied to 
the ignitable organic fraction. However, since the pro- 
portion of nitrogen in this fraction in the sediments is 
nearly three times (3.9 per cent) that in the non-in- 


organic fraction of the soils (1.4 per cent), it is clear 
that the latter fraction represents something rather 
different from the ignitable fraction in the lake sedi- 
ments, probably containing much more bound water. 
The correction of the ignitable matter, though it has 
been made and is recorded in figure VII-42 (panel C, 
dotted line) probably gives figures that are too low. 

Accepting these procedures, we can now replot the 
variation in organic sedimentation rate against radio- 
carbon ages, as has been done in figure VII-43 panels 
A and B. These curves add nothing essentially new, but 
indicate in a very impressive way the general trends of 
the changes of organic productivity in the lake through- 
out its history. The whole of the treatment, of course, 
is based on the assumption that we can accept the data 
at face value and that we are not dealing with purely 
exogenous sedimentation, organic as well as inorganic, 
at the site of core 1. 

The curves indicate an initial moderate productivity 
resulting in the deposition of about 0.03 milligram of ni- 
trogen per square centimeter per year in the oldest part 
of Ву, and probably rather more in A. There is a fall to 
very low values, the minimum (202 centimeters) being 
0.0085 milligram of nitrogen per square centimeter per 
year, in the middle of B, and quite low values persisted 
throughout В» and most of Bs, though there is a slight 
tendency for the rate to rise at the top of the latter zone. 
There is, of course, an abrupt rise at the B3/C, bound- 
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ary. The determinations based on ignitable organic 
matter would suggest this rise to continue in an almost 
unbroken manner up to the maximum at the С./С 
boundary. When, however, the more refined nitrogen 
data are used, the rise is clearly seen to occur in two 
stages; and there is an indication of this also in the ig- 
nitable organic data corrected, albeit unsatisfactorily, for 
allochthonous material. The initial rise leading to the or- 
ganic maximum in the composition of the sediments can 
certainly be placed in the calendrical time scale some- 
where between the end of the third century в.с. and 
the end of the first century B.c. a second-century date 
being acceptable. The second sharp rise culminates in 
the maximum in sedimentation rate, organic or inor- 
ganic, which can be placed at about 1200 в.р. or probably 
A.D. 800. 

There is, unfortunately, very little information in 
the literature relating the gross productivity of a lake 
to its rate of organic sedimentation. Riley (1940) in- 
dicates that in Linsley Pond about 20 per cent of the 
organic matter formed photosynthetically might be sedi- 
mented. In an unstratified lake such as Lago di Monte- 
rosi, in which the newly deposited sediment must have 
remained warm throughout the summer season during 
the time span from Bs to the present, a smaller рго- 
portion of organic matter would have persisted. If we 
assume that about one-tenth of the phytoplankton pro- 
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Fic. VII-43. Rate of deposition of nitrogen (uncorrected and 
corrected as in fig. VII-42) and of ignitable organic matter 
from figure VII-42 panels C and D plotted against time in 
radiocarbon years as measures of productivity. Мое the 
decline in productivity into В», a slight increase in Bs, and 
a sudden increase at the opening of Ci, at the time of the 
building of the Via Cassia, and a later increase to a 
maximum at the Ci/Cs boundary which clearly reflects 
some disturbance in the basin. 
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TABLE VII-35 


ESTIMATES OF PRODUCTIVITY 





Time of minimum productivity 
(202 cm.) 2.3 mg. О. ст. 2 уг. 1 
Time of maximum organic content 


(148 cm.) 54 mg. О». ст.7? уг. 


Типе of maximum organic productivity 


(96 cm.) 96 mg. О». ст. 2 yr. 1 








duced is sedimented and fossilized, and that about 0.5 
gram phytoplankton containing 7 per cent N 15 pro- 
duced as the result of gross production liberating 1 gram 
of oxygen (Riley, 1939) we can estimate the gross 
productivity of the lake at different stages 1n its history, 
as has been done in table VII-35. 

Though these figures are little more than reasonably 
informed guesses, which are probably likely to be too 
low rather than too high, they are in line with what is 
known about the primary productivity of existing lakes. 
Considering only Nygaard's data for Denmark, the min- 
imum productivity in Lago di Monterosi would have 
been lower than that of any recorded lake, the produc- 
tivity at the time of the maximum organic content would 
fall in the middle of the range between Grane Langsø 
and Furesg, while at maximum productivity a value 
comparable to the Frederiksborg 51058 is indicated. 
The best estimate for Linsley Pond, derived from Riiey's 
work (43 milligrams Os per square centimeter per 
year) is a little lower than the Monterosi estimate for 
the organic maximum. Though, as cannot be too much 
emphasized, none of the derived Monterosi estimates 
should be taken too seriously, there is nothing to suggest 
that, for instance, the occurrence of a blue-green alga 
bloom at the time of the organic maximum 1s inconsis- 
tent with our calculations. The later evidence ot the 
maximum organic productivity depends entirely on 
the С!* dating which is subject to its own inherent error. 
What we can be quite certain of 1s the enormously long 
period of low productivity followed by a dramatic in- 
crease as the Romans developed the environs of the 
lake. The curves of figure VII-43 strongly suggest a 
considerable decrease in productivity in recent centuries. 

Nature of the Historic Changes in the Lake: In in- 
terpreting the changes that occur їп passing from zone 
B into zone C, it is important to bear in mind that we 
are dealing with a record of sediment deposition and 
not, in the first place, of changes in water chemistry. 
When the biological changes, particularly in the diatom 
(Patrick, see p. 114) and the chrysophycean (Leven- 
thal, see p. 141) floras, are considered, it is obvious 
that the great change ш ecology occurred at the opening 
of C, when the organic maximum was produced in the 
sediment, and not at the later time when the absolute 
amount of sediment entering the lake seems to have 
reached its maximum, without leaving any important 
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qualitative stratigraphic or paleobiological evidences 
that can be detected in the absence of radiocarbon dates. 

It is quite clear from the diatom and chrysophycean 
floras that, at least from the end of period A until the 
inception of period C, the water was chemically quite 
different from what it is today. We may legitimately 
infer that it was much less concentrated and in particular 
contained much less calcium than does the water of the 
modern lake. Its pH was probably just on the alkaline 
side of neutrality except during Be, when at least mar- 
ginally it may have been just below 7.0. There is, how- 
ever, no evidence (see p. 83) of any period of humic 
chthoniotrophic water. Apart from differences due ap- 
parently to the uptake of potassium and liberation of 
sodium in the lake, the present lake water is chemically 
similar both in concentration and major ionic composi- 
tion to that of its principal influent spring, as would 
be expected. It is evident that whatever sources of water 
existed during the many millennia of period B, they 
must have been quite different chemically from the 
modern water of the Fontana di Papa Leone. The 
reasonable conclusion, therefore, is that the opening of 
period C represents the time of the change ш chemistry 
of the influents of the lake from dilute water to a 
moderately hard water of the modern type. This change 
evidently increased the productivity of the lake, probably 
by increasing the СО» available for photosynthesis аз 
bicarbonate. The phosphorus of the sediment also rises, 
but the P/N ratio falls, so it is unlikely that increasing 
phosphorus was primarily involved. The increase in 
production indirectly increased the fixation of elements 
such as iron, cobalt, arsenic, and the halogens, which 
could become associated with the increased amount of 
organic matter in the bottom deposits. The change, how- 
ever, did not have any marked effect on the slowly in- 
creasing general rate of sedimentation. After the in- 
itiation of this change, the rate of inorganic sedimentation 
continued to increase at least in core 1, and it 1s probable 
that this increase was not uniform, falling a little and 
then rising again to reach a maximum value around 
1200 в.Р. at the 96 centimeter level. Nitrogen and ig- 
nitable organic matter also sedimented at increased 
rates, but these increases were less than initially, so 
that the material laid down no longer contained the 
high proportion of organic matter present at 148 centi- 
meters. It is, therefore, reasonable to conclude that two 
processes are involved, one а sudden опе at the B3/C, 
boundary, or sometime probably between 285 and 150 
B.C. (see p. 45), the other more gradual, lasting ap- 
parently till about the eighth century A.D. 

A consideration of the historic evidence brought for- 
ward by Ward-Perkins and by Mallett in their initial 
contributions to this study strongly suggests that the 
first process which initiated the modern water chemistry 
involved the building of the Via Cassia. No other event 
of comparable magnitude ш the vicinity of the lake 15 
known historically or archaeologically during the re- 
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quired period. We suspect that the building of the Via 
Cassia initially led to clearance of forest on the south- 
western side of the lake on either side of the road and 
that water, which either was previously lost by tran- 
spiration or after heavy rain ran superficially over un- 
disturbed ground to the lake, now started to percolate 
through the ash; its emergence as a line of springs is 
perhaps determined by a layer of lava. It 15 at least 
evident that before this time the water entering the 
lake cannot have passed through any great thickness of 
ash, while it certainly does so today (cf. however, 
p. 166). Local clearing appears to be the most obvious 
explanation. 

The later more gradual change is probably to be 
attributed to some sort of small scale but increasing 
agricultural activity in the basin. It is noteworthy that 
throughout the whole period from depths of 140 centi- 
meters to 90 centimeters, there is a very striking 
and marked occurrence of Urtica in the pollen spec- 
trum. Below 140 centimeters the genus does not occur, 
above 90 centimeters it is sparsely represented. Nettles 
are, in general, characteristic of well-fertilized broken 
ground, and their occurrence at this time, when con- 
siderably increased disturbance can be postulated, is 
reasonable. Graminean pollen larger than 40 и, which 
may reasonably be referred to cultivated cereals, occurs 
in very small amounts throughout Cı, but not deeper. 
It rises to a sharp maximum at 53 centimeters, which 
presumably corresponds to medieval agriculture in the 
twelfth or thirteenth centuries, and then declines, doubt- 
less during the difficult time at the end of the Middle 
Ages. The distribution recorded suggests that at the 
time of maximum erosion the agricultural activity 
around the lake was not primarily the cultivation of bar- 
ley or wheat; as Ward-Perkins points out, the Domus- 
culta Capracorum, the one estate in the general area for 
which data exist, was producing also wine, olives, pigs, 
and vegetables. The raising of pigs and the cultivation 
of vegetables would certainly accord with the meager 
available facts. Though the erosion and deposition re- 
corded in our sections are striking, relative to what was 
occurring before Roman penetration, they are somewhat 
insignificant compared with what 15 recorded at other 
sites in the Roman Campagna. The absence of any 
certain archaeological evidence of occupation would 
be consistent with the agricultural activity being on a 
small scale. Its seeming abandonment after about 800 
A.D. is not out of line with the early medieval history 
of the region outlined by Mallett. When renewed activ- 
ity occurred in the basin after the first mention of 
Lacus Ianula in А.р. 1081, the whole pattern of activity 
had apparently changed. 


SUMMARY 


1. The present study is based on two cores taken 
under 5 meters of water in the central area of the lake. 
Core 1 was 250 centimeters long, core 2, 280 centimeters 
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long. The bottom part of each core dates from about 
24,500 в.р. At a depth corresponding to about 24,000 
B.P. the sediment becomes drier and at a depth corre- 
sponding to about 2,300 в.р. it becomes markedly wetter. 
These changes divide the cores into three zones corre- 
sponding to periods prior to 24,000 B.P., Zone А; be- 
tween 24,000 в.р. and 2,300 B.P., Zone В; from 2,300 
B.P. to the present day, zone C. Zone B is divided into 
three subzones by minor variations in water and organic 
content, the B1/Bs boundary lying at about 13,000 в.р. 
and the Bs/Bs boundary at 5,000 в.р. Zone C is like- 
wise divided into С; and С», the boundary corresponding 
to 1,200 в.р. The striking change in chemistry and the 
great Increase in sedimentation rate at the bottom of 
zone C, suggest a rather catastrophic change at this 
time. Making due allowance for uncertainties in trans- 
forming to the Christian calendar, the beginning of С, 
seems to correspond well with the building of the Via 
Cassia about 171 B.c. 

2. The drainage basin of the lake for the most part 
consists of volcanic ash with lapilli and volcanic bombs, 
all highly modified by the action of water that has per- 
colated through such permeable material. There is a 
little unaltered lava within the crater rim, which prob- 
ably gives a fair indication of the original composition 
of all the volcanic ejecta in the vicinity of the lake. A 
soil profile over lava (profile I) and another over and 
through the ash (profile II) were studied. The lava is 
a leucitite very rich in leucite and containing augite. 
On decomposition much potassium and apparently fluo- 
rine, some sodium, strontium, and barium are lost. Anal- 
cime and a clay mineral are formed. In some samples 
an unidentifed mineral with a striking reflection at 
4.0 A is formed in weathering; samples lacking this 
material may form it on acid treatment. During trans- 
port to the lake and sedimentation therein, calcium, 
some sodium, rubidium, and strontium are lost; these 
materials presumably seep out of the lake in solution 
through its porous walls. Marked increases in sulfur, 
chlorine, and bromine are clearly of atmospheric origin. 

3. Experiments in which lava and ash were leached 
in various ways gave the curious result that leaching 
with dilute hydrochloric acid removed less calcium from 
the unchanged and partly decomposed lava than did 
ammonium acetate ; this may be related to the formation 
of the material with a prominent reflection at 4 À. 

4. In the sediment cores potassium and sodium both 
increase to maximum values in В; and then fall slowly 
and irregularly; sodium but not potassium tends to 
rise in C». 

The superficial analcime-containing material now 
eroding into the lake has a high NagO/K2O ratio, 
averaging 1.03, while that of the sediments is usually 
about 0.3 and never over 0.7. Sodium seems to be lost 
from the contemporary sediments, as they gain potas- 
sium. 
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The exchangeable fractions of Na and К are dis- 
tributed quite differently from the total or non-exchange- 
able, rising at the bottom of zone Ci, as also do the 
exchangeable alkaline earths. The rise in exchangeable 
sodium is quite small, and that of exchangeable potas- 
sium occurs rather later than the comparable rises of 
other elements. These rises occur when the total potas- 
sium and sodium are low; at the time that the totals 
are maximal, in Ву, the relative amount of the exchange- 
able fractions are minimal. The best explanation of 
the maximum of the total quantities would seem to be 
that the elements most easily leached passed differ- 
entially into the basin and were there fixed by the sedi- 
ments. Whatever the fixation mechanism, it clearly 
involved something in addition to simple base exchange 
sorption. Rubidium behaves differently from potassium, 
exhibiting a minimum concentration at the time of the 
potassium maximum in Ву, and marked enrichment 
relative to potassium in the more recent sediments. The 
minimum might be explicable in terms of deposition of 
material which had lost rubidium, being eroded slowly 
from the basin. If some of this rubidium instead of 
entering the lake had percolated down and enriched 
deeper sediments, these may have later eroded and 
sedimented to form the more recently deposited lake 
sediments of zone С». There are, however, difficulties 
in such an hypothesis as it does not fit certain other 
elements exhibiting minima in the middle of B, and 
high values in C, nor is it really consistent with our 
interpretation of the behavior of sodium and potassium. 

5. Magnesium in general varies little in zones À and 
B, but rises to a maximum at the С,/С» boundary; 
about 7 per cent of the magnesium in the deeper zones 
and 12 per cent in zone C is exchangeable. Calcium in- 
creases a little in zone B as compared to zone A, and 
rises greatly at the B3/C4 boundary. About half the 
calcium in the deeper layers and a little over one-quarter 
in zone C 1s exchangeable. It is probable that the non- 
exchangeable calcium, except at the top in Сә, 1s present 
as apatite. At no level in the sediment does the calcium 
content approach that in the surficial sediments of the 
basin; most of the calcium retained in pedogenesis is 
lost to the water and must seep out of the lake. 

Strontium behaves like rubidium with a minimum at 
the B,/Bs boundary, rising irregularly as the Вь/С, 
boundary is approached. The increase is not as great 
proportionately as in the case of calcium, so that the 
Sr:Ca ratio varies from 70:1,000 in zone А to 35:1,000 
in zone C. Exchangeable strontium, however, follows 
exchangeable calcium, with a relatively constant low 
ratio of 20:1,000, emphasizing the generally greater 
mobility of calcium. Barium behaves quite differently 
from the other alkaline earths. It is probably controlled 
by the insolubility of BaSO, but no very clear and con- 
sistent pattern of behavior can be elucidated. 
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б. Silicon, which as 5105 is the major inorganic 
oxide of the sediment, shows variations of several sorts 
which can be elucidated by breaking down the quantity 
present into the three categories of quartz, opal, and 
aluminosilicate or clay. Quartz 15 not found in unaltered 
volcanic rock in the basin and is probably largely wind- 
borne. It is maximal in B,, but since sedimentation was 
minimal at this time the maximum almost certainly 
does not represent a greater rate of deposition of quartz. 
However, in passing into zone A, the quartz remains 
higher than it does in passing into Вз and it is possible 
that early in the history of the lake periglacial winds 
delivered more quartz than later. Opal production due 
at least in part to diatoms, Chrysophyceae, and sponges, 
was maximal in Вз; the subsequent minimum іп С, 
probably is due to the replacement of the first two of 
these groups by blue-green algae. In both cores the 
ratio Si: T1 declines from high values in zones А and 
B to a minimum early in C corresponding to the opal 
minimum just mentioned, with a slight subsequent rise. 
The water analyses indicate a precipitation of silica in 
the lake, probably due to biological processes. 

/. Titanium increases slightly from the old to the 
more recent sediments, probably because the progressive 
leaching of other materials leads to a slight concentration 
of what is probably an essentially conservative con- 
stituent. The distribution of zirconium 15 very similar. 
There seems to be a slight tendency for hafnium to 
increase relative to zirconium in the more recent sedi- 
ments, and in the surficial materials of the basin. 

8. Aluminum is distributed very evenly throughout 
the sediments, the amount representing a clear enrich- 
ment, relative to total inorganic matter or to titanium, 
over the content of any of the source materials of the 
drainage basin. Gallium shows the same effect but а 
little more strongly. Aluminum and gallium must move, 
probably in colloidal solution, more easily than titanium, 
but once in the lake they seem to be precipitated, rather 
than seeping away like most of the calcium or sodium. 

9. Scandium and four of the lanthanide rare earths, 
namely lanthanum, cerium, praseodymium, and neo- 
dymium, show a distribution like strontium or rubidium. 
However, there 15 in the case of cerium, praseodymium, 
and neodymium no evidence of any loss by leaching 
relative to titanium in zone B so that the tentative ex- 
planation advanced to explain the comparable pattern 
of rubidium and strontium lacks generality and may be 
wrong. Samarium shows a different pattern, highly 
concordant between the two cores, with a minimum in 
Bo, later than that of the other rare earths, a marked 
maximum at the Вә/Вз boundary and rather low values 
in zone C. It seems possible that samarium is more 
mobile than the other rare earths studied. 

10. Iron shows very marked maxima and minima. 
In core 2 these are in Во, at the B2/B3 boundary and at 
the B/C boundary. The second of these maxima is not 
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shown in core 1; it may have been transitory or the 
position of the core, apparently near the lake margin at 
the time, may have been unfavorable. Manganese rises 
and falls with the iron in the first two maxima, but rises 
before the iron in the third. This suggests, following 
Mackereth, that the third maximum was determined 
by external changes in soil redox potential; probably 
the other two maxima were also caused in this way, 
but the initial rise in manganese is obscured by the 
very great time interval between closely spaced samples. 
Cobalt appears to follow iron; nickel behaves in more 
or less the same way, but the Co: Ni ratio is higher in 
zone C than in the lower sediments. 

11. Copper 1s distributed fairly uniformly throughout 
the cores, such variation as it exhibits seems related to 
that of iron. Zinc and lead both show striking minima 
in the middle of zone B with higher concentrations in 
zone C than elsewhere. Both elements appear to be 
somewhat enriched in the sediments and their distribu- 
tion raises the same sort of problem as do those of 
cerium or neodymium. 

12. Phosphorus appears to be associated with cal- 
cium; most of the non-exchangeable calcium is likely 
to be present as apatite, but in the earlier sediments 
some excess phosphorus may be present perhaps as 
taranakite. Very little of the phosphorus is water 
soluble. 

13. Arsenic follows iron closely, antimony may be 
present but the determinations seem quite unreliable. 
Vanadium is concentrated during B, and again in 
zone C. The concentration in B, is probably due to the 
mobile vanadate топ being the form of the element most 
likely to occur at the high redox potential of cold and 
largely inorganic soils, doubtless prevalent at that time. 
Niobium is apparently present but the distribution in 
the two cores is not concordant, and nothing significant 
can be learned about the behavior of the element. . 

14. Sulfur is much enriched in the sediments over 
the source materials, presumably from rain. High 
values in À are possibly due to sulfide. Selenium be- 
haves independently of sulfur. The amount present is 
very small but apparently validly detectible; its distri- 
bution is concordant in the two cores and the maxima 
in B, are doubtless due to the free mobility of selenate 
under rather dry cold oxidizing conditions. Chromium 
behaves somewhat like selenium in the deeper parts 
of the cores, with maxima in B, chromate doubtless 
migrating under the same conditions as vanadate and 
selenate. There are also maxima associated with organic 
matter at the B3/Cı boundary and again in the middle 
of C». The last feature, present in both cores, is curious 
but unexplained. 

15. Fluorine appears to behave in the same way as 
does potassium, but the other halogens all tend to be 
associated with organic matter. 
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16. Organic matter whether measured as organic 
nitrogen, organic carbon, or ignition loss, has a highly 
characteristic distribution. The quantity present is mod- 
erate in the sediments of zone A, and the bottom of B4, 
declining to a low minimum in В» and the base of Bs, 
and then rising to a maximum just above the B3/C; 
boundary. The C:N ratio varies irregularly around 
10:1. It is a little lower in zone Ba when Sphagnum is 
well represented in the pollen profile; evidently there 
was, even at this time, no widespread production of 
highly carbonaceous acid Sphagnum peat. The water 
content of the fresh sediment appears to be positively 
correlated with the organic matter. 

17. The sediment density, organic and water contents, 
and the radiocarbon dates permit estimates of sedi- 
mentation rate of both inorganic and organic constit- 
uents, the latter rate presumably depending on produc- 
tivity. In zone A the rate cannot be estimated accurately 
but might have been as fast as 25 centimeters per mil- 
lennium. It fell to very low figures in By, the minimum 
rate at about the B,/Bs boundary being about 3.3 
centimeters per millennium. There is a slight rise in 
sedimentation rate ш Вз and a marked one at the 
Вз/С, boundary. At this time the ratio of organic to 
inorganic sedimentation is maximal, but with a slight 
interruption the rates of sedimentation of both kinds 
of material seem to increase again giving a maximum 
rate late in Cy, corresponding to the disturbance which 
produced the Urtica pollen in the surroundings of the 
lake. The recognition of the initial rise in productivity 
depends on the percentage composition of the sediments, 
the occurrence of blue-green algae and the great develop- 
ment of a chironomine fauna on passing into the base 
of Су. The conclusion that the maximum productivity, 
as indicated by a maximum rate of organic deposition, 
actually occurs later in C4, at a time when inorganic 
sedimentation is also maximal, depends on the C!* 
dating, and if the true dates of the levels in question 
departed considerably, owing to counting statistics, 
from the mean dates used, or if any considerable amount 
of unrecognized organic matter of external origin was 
deposited at the site of core 1, the productivity maxi- 
mum would have almost certainly have been just above 
the B3/C, boundary. 

18. The fundamental cause of the rise in productivity 
in C, 1s almost certainly the increase in bicarbonate in 
the inflowing water. The fact that the P: N ratio shows 
a minimum at the time of the rise suggests that phos- 
phorus was not limiting at times just before or after 
the organic maximum. 

19. The X-ray crystallography of the sediments in- 
dicates that they contain clay of low crystallinity. Hal- 
loysite appears to be the major clay throughout the 
profile, no endellite was found. There is also an illitic 
constitutent which is more prominent in the deeper 
layers, particularly in zone B, than in Zone C. Heating 
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produces a-FesOs, but no discrete phase consisting of 
an iron mineral could be found in the unheated sedi- 
ment. A little augite may persist at any level in the 
lake sediment. For an imperfectly crystalline clay, the 
sediment has a quite high base exchange capacity 
(50-100 milliequivalents per 100 grams) ; this 1s about 
half saturated with calcium. Exchangeable sodium as 
in other lake sediments appears to be associated with 
an easily extracted colored organic fraction. 
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VIII. THE FOSSIL FLORA AND FAUNA (OTHER THAN SILICEOUS FOSSILS, 
POLLEN, AND CHIRONOMID HEAD CAPSULES) 


CLYDE E. GOULDEN 


Department of Limnology, Academy of Natural Sciences of Philadelphia 


This paper presents a stratigraphic study of autogenic 
microfossils (excluding diatoms, sponge spicules, and 
midges) recovered from sediment core 2 of Lago di 
Monterosi. Representatives of the blue-green and green 
algae, Turbellaria, Bryozoa, Cladocera, and Chaoborus 
were identified and quantitatively analyzed. 

The results are discussed within the framework of 
other studies in the present volume. No attempt was 
made to interpret species associations, other than for 
the diversity of the chydorid Cladocera, because not 
all remains were equally well preserved or could be 
specifically identifed. Furthermore, a large part of 
the core lacked microfossil elements and this seriously 
limited the number of samples available for correlation 
purposes. The results, nonetheless, are of interest for 
comparison with other studies of the basin and represent 
a further example of the strong influence of man and 
the external environment upon the biota of freshwater 
lakes. 


METHODS 


The methods used were similar to those normally 
employed in sediment studies. It was possible to enum- 
erate the remains on quantitative slides prepared from 
0.05 milliliter liquid subsamples of a one or two cubic 
centimeter sample of sediment (following defloculation 
in KOH). Before preparing slides the liquid sediment 
sample was rinsed in a Clarke-Bumpus plankton bucket 
fitted with a fine-mesh screen (mesh size ca. 50 mi- 
crons) to rid the sample of excessive silt and clay-sized 
particles. 

The absolute abundance of microfossils based on dry 
weight of sediment is given in figures VIII-3 and 4. 
Abundance based on sedimentation rates is given in 
figure VIII-8 for the upper 135 centimeters of sediment 
core 2. The sedimentation rates were estimated from 
the two radiocarbon dates available for this section of 
core 2 plus two dates for the comparable portion of core 
1. The latter dates were assigned to core 2 on a pro- 
portional basis. From these dates a graph of sedimenta- 
tion rates was constructed similar to that for core 1 
made in the previous contribution (fig. VII-42). Sixty- 
six centimeters was considered to be the point of maxi- 
mum sedimentation rate (fig. VIII-1). Sedimentation 
rates for the levels analyzed were taken from the graph. 
The curve of sedimentation rates represents a rough ap- 
proximation to true sedimentation rates but these esti- 
mates are much better than might be obtained by assum- 
ing a constant rate between successive dates, and 
certainly give a more accurate picture of absolute micro- 


fossil abundance than those obtained from dry weight 
of sediment or other sediment parameters. 


RESULTS 


Almost all of the microfossils found in the Lago di 
Monterosi sediments have been previously noted or 
described in other paleolimnological studies. A system- 
atic list of the microfossils present and their distribu- 
tions in the sediment is given in table VIII-1. 


A. CYANOPHYCEAE 


The remains of the Cyanophyceae in the sediment 
consisted of filaments that lacked distinct transverse 
cell walls (fig. VIII-24 and B). These filaments were 
virtually identical with those of living blue-green algae 
save for the absence of internal structure. Individual 
filaments were found but more often the filaments were 
arranged as in Aphanizomenon or colonies like Gloeo- 
trichia. 'The latter were common during the early history 
of the lake and the former during the later history. 

The blue-green algae were present in most of the 
sediment core but absent from the middle part of the 
core (table VIII-1). They were numerous only be- 
tween 124 and 114 centimeters (fig. VIII-3B) in zone 
C,; the maximum at 119 centimeters is associated with 
a similar maximum in the nitrogen content of the sedi- 
ment (see fig. VII-33). 
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Fig. VIII-2. A. cf. Aphanizomenon; core M-2, 271 cm. (X325). В. cf. Gloeotricha; core М-2, 271 cm. (X88). 
С. Pediastrum boryanum; core M-2, 271 cm. (X340). D. Pediastrum duplex; core M-2, 109 ст. (X346). Е. 
Pediastrum simplex; core M-2, 38 cm. (2349). 
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Fic. VIII-3. Variation in abundances of microfossils of 


Pediastrum (A) and blue-green algae (B) in Lago di 
Monterosi sediments. Numbers per gram dry weight of 
sediment. 


В. CHLOROPHYCEA 


Intact colonies of at least three distinct forms of 
Pediastrum were identified; Pediastrum boryanum, 
P. simplex, and P. duplex (fig. VIII-2C, D, E). 

Figure VIII-3A gives the abundances of the indi- 
vidual species in the core, and figure VIII-8 the total 
abundance of all species together in the upper 135 centi- 
meters. There were three major maxima for Pediastrum 
in the core. The first occurred during the earliest history 
of the lake early in period A. Only Pediastrum boryanum 
and Р. duplex were present. All members of the genus 
were exceedingly rare in period B, P. boryanum disap- 
pearing altogether. P. simplex accompanies P. duplex 
at some levels in Вз and all three species are present in 
C, though boryanum in general is less common than 
the other two. A second maximum was found from 114 
to 100 centimeters in С, after the maximum develop- 
ment of blue-green algae, P. simplex and P. duplex 
being very common and the latter was the dominant 
form. The third and largest maximum occurred from 
53 to 23 centimeters in Cs, but only P. simplex was 
abundant; the other two species were very rare. 

The above described succession of species indicates 
strong differences in ecological tolerances or preferences 
of the three species of Pediastrum. The abundance of 
P. boryanum during the early history of the lake may 
be related to the colder climate which presumably 
occurred then. Pediastrum duplex and P. simplex were 
more common during the warmer and relatively 
eutrophic conditions of the recent lake history. 
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The almost complete absence of Pediastrum їп the 
middle part of the core, from 203 to 129 centimeters 
(zones Ва, Be, Вз) corresponds with the zone of abun- 
dant soft-water diatoms ( Patrick, see p. 115). 


C. TURBELLARIA 


Unidentifable egg cocoons of Turbellaria were re- 
covered throughout the upper 129 centimeters of sedi- 
ments but were rarely found below this point (table 
VIII-1). 

The cocoons were common from 123 to 114 centi- 
meters at 99 centimeters and again numerous from 79 
to 53 centimeters but were poorly represented from 
above 53 to 23 centimeters when the other microfossil 
groups were abundant (fig. VIII-8£). 

The significance of these variations ш numbers of 
egg cocoons is completely unknown since no data are 
available concerning their relationship to ecological 
conditions in lakes. 


D. ECTOPROCTA 


Statoblasts of Plumatella were also found only in 
the upper section of the Monterosi sediments and were 
sporadic in their occurrence. They were common from 
124 to 114 centimeters and again relatively abundant at 
69 centimeters when the turbellarian cocoons were most 
common (fig. VIII-8E). Statoblasts were absent above 
53 centimeters. Only Paludicella and Cristatella are 
recorded as living in the lake (p. 22). 

This rather unusual distribution in the sediment core 
is difficult to explain. However, there seems to be a 
close correlation between the abundance of the bryozoa 
and turbellarian cocoons; and therefore, factors in- 
fluencing one must, in part, influence the other. It may 
well be that the abundance of these forms 15 closely 
associated with fluctuations ш water level in the lake. 


E. CLADOCERA 


The exoskeletal remains of the Cladocera were by 
far the most abundant animal microfossils found in 
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the sediments. Only two nonchydorid species were ге- 
covered, Daphnia sp. and Bosmina of the longirostris 
group, but at least four taxa of the latter were en- 
countered. The 24 species of the Chydoridae found 
make a total of 26 species or 29 taxa of Cladocera. The 
remains of all chydorid species have previously been 
described. 

Like most other microfossil groups found in the 
sediment, the Cladocera were present only during the 
earliest and recent periods of the lake's history (zones 
A and C), and were almost completely absent from 
above 257 to 129 centimeters in zone B, though from 
173 to 129 centimeters they were sporadically present 
(table VIII-1; fig. VIII-2). 

Above 129 centimeters the abundance of the Cladocera 
closely paralleled changes in the chemical components 
of the sediment (Cowgill and Hutchinson). There were 
two major maxima in numbers, from 119 to 99 centi- 
meters and from 53 to 23 centimeters with a third 
minor maximum in the near-surface sediments (fig. 
VIII-4). 

Remains of the chydorids dominated the fauna in 
all samples but the 3 centimeter sample (fig. VIII-5). 
Chydorids were present, although not common, in the 
bottommost sediment. Above 129 centimeters both the 
abundance and the number of species present increased 
rapidly to a maximum development between 119 and 
114 centimeters and then maintained a stable population 
size. The population of the non-chydorid Cladocera, on 
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Fic. VIII-5. Percentage composition of chydorids versus non- 
chydorids (Daphnia and Bosmina) in Lago di Monterosi 
sediments. 
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Fic. VIII-6. Percentage composition of non-chydorid 
Cladocera in Lago di Monterosi sediments. 


the other hand, did not attain maximum development 
until 109 centimeters (fig. VIII-4). Above 109 centi- 
meters the latter group also declined in abundance; 
and from 100 centimeters to the surface sediment, the 
relative changes in numbers of chydorids and non- 
chydorids rather closely paralleled each other. 

An apparent succession of faunas occurred between 
114 centimeters where the chydorids were most abun- 
dant, and 109 centimeters when the non-chydorids 
reached their maximum development. A similar change 
in the flora took place at these same levels. 


1. Composition of the Non-chydorid Fauna. 


The percentage composition of the non-chydorid Cla- 
docera found in the sediments is given in figure VIII-6. 
Only claws and ephippia of Daphnia were found while 
shells and head shields of Bosmina occurred in some 
abundance. This difference in type of microfossil re- 
covered causes a great distortion in the relative abun- 
dance of these two forms because shells and head 
shields are far more numerous than either ephippia 
or claws. 

At the present time, Daphnia rosea (species deter- 
mined by J. L. Brooks) is a very common plankter in 
the lake, but Bosmina has not been found in the plank- 
ton (Stella and Margaritora, 1966). The fossil record, 
as shown in figure VIII—5, gives a very different im- 
pression. It is likely that Daphnia has always been 
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rather common ш the lake, but owing to poor preserva- 
tion is poorly represented in the sediment. The absence 
of Bosmina in the lake at the present time probably 
results from the sharp fall in water level recorded be- 
tween the 1890's when the lake was about eight meters 
deep to the present five-meter depth (Hutchinson, see 
p. 6). 

In figure VIII-6 the Bosmina fauna is separated into 
the three major taxa present, longirostris, cornuta, and 
similis (table VIII-1). B. 1. brevicornis was also found 
but was never consistently present. Of these three 
forms, only B. 4. similis has not previously been recorded 
from sediments. The head shield of this form may easily 
be distinguished from the other varieties of Bosmina 
by its very large antennules relative to the size of the 
head shield. Furthermore, quite often the lateral head 
pores (Goulden and Frey, 1964, for a discussion of the 
head pores in Bosmina) are minute; however, the size 
of the pore 15 not constant but may decrease in size 
with age. 

B. l. longirostris was the dominant variety during 
most of the lake's history when the species was present. 
B. l. cornuta was most common at 119 to 114 centi- 
meters and В. l. similis from 110 to 90 centimeters; the 
latter was for a brief period almost as abundant as 
longirostris (hg. VIII-6). 

The ability of these three taxa of Bosmina to co-exist 
over long periods of time (at least 2,000 years) implies 
that they probably should be considered as distinct 
species. However, the morphological differences be- 
tween all forms of Bosmina are so slight that it is 
difficult consistently to distinguish them. 


2. Composition of the Chydorid Fauna 


A few comments are in order concerning the accuracy 
of the results presented in figure VIII-7. Some rather 
striking changes may be noted between closely adjacent 
levels in the upper 129 centimeters of the core. For 
example, at 129, 124, and 119 centimeters the percentage 
composition of small Alona and of Chydorus sphaericus 
changed drastically. All levels containing such sharp 
changes, including those mentioned, were recounted to 
ensure that the variations were real and not due to 
errors in identification or in counting. 

It was difficult to distinguish the shells of some 
species, particularly of Alona quadrangularis and Ley- 
digia leydigi. Levels where head shields of both species 
were abundant were recounted, but it was not possible 
consistently to obtain repeatable results for these two 
species. This was found to be the case for the levels 
from 109 to 89 centimeters. 

Furthermore, it will be noted that the small Alona, 
indistinguishable species of the smaller forms of Alona, 
composed a rather large part of the fauna. This fact 
limits the usefulness of the diversity and equitability 
measurements of species associations (fig. VIII-8C) 
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which have previously been found to be of considerable 
help in interpreting the fossil record. 

Chydorid remains were present in the deepest sedi- 
ment from 277 to 266 centimeters of zone C. Chydorus 
sphaericus, Graptoleberis testudinaria, and the small 
Alona dominated the assemblage. Only six chydorid 
species could be found; the three non-dominant forms 
were scarce. All of these forms except for Monospilus 
occurred in sediments of zone C, the Roman and 
post-Roman periods and cannot be considered as ob- 
ligate cold-water forms. 

The sediment from 267 to 129 centimeters was almost 
completely devoid of chydorids (table VIII-1) though 
from 173 to 134 centimeters several species were found. 
Chydorus sphaericus, Leydigia leydigi, and small Alona 
were most common at those levels where Cladocera were 
recovered. 

Above 129 centimeters the number and abundance 
of species increased very rapidly and the population 
reached maximum development between 119 and 114 
centimeters. Chydorus sphaericus and the small Alona 
species were again most common. The former species 
is often present in the plankton of lakes with large 
populations of blue-green algae and it is possible that 
this occurred in Lago di Monterosi during the period 
represented by 119 centimeters. The presence of Chy- 
dorus sphaericus in the plankton under such conditions 
quite often explains the superabundance of this relative 
to the other species of chydorids. 

Chydorus sphaericus was considerably less numerous 
above 114 centimeters whereas Alona quadrangularis 
became more common. 

Two other major changes in species composition 
occurred later in the core. First, beginning above 100 
centimeters Leydigia leydigi gradually increased and 
became the dominant species in the sediment above 
50 centimeters. Leydigia acanthocercoides increased 
above 59 centimeters and was particularly common in 
the upper 20 centimeters. All other species continually 
composed a rather constant percentage of the fauna in 
the upper meter of sediment save for the small Alona 
species which declined in importance as Leydigia in- 
creased (fig. VIII-7). 


CORRELATION OF RESULTS 


The history of the basin, discussed in detail elsewhere 
(Hutchinson and Cowgill, p. 163), can be divided into 
three major phases; an initial phase (A) immediately 
after the formation of the crater, an intermediate phase 
(B) prior to cultural disturbance which spans about 
22,000 years, and a later phase (C) with cultural dis- 
turbance, dating from after 2300 B.p.t The early phase 


l'lhere is some uncertainty in passing from the radiocarbon 
dates to the calendrical dates of the Christian calendar during 
the epoch under consideration. "The best estimate for the dis- 
turbance would be between 150 в.с. and 285 в.с. The construc- 
tion of the Via Cassia, believed to be responsible for the change, 
probably took place in 171 B.c. (see p. 45). 
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Fic. VIII-7. Percentage composition of the chydorid Cladocera in Lago di Monterosi sediments. 


is associated with cold climates of glacial times ( Bonatti, 
1961). The first cultural disturbances occurred and 
were sustained during the Roman Era, and a recurrence 
of disturbances took place during medieval times. 

During the early and particularly the intermediate 
phases (zones A and B) the lake contained a depauper- 
ate fauna and an unproductive phytoplankton as indi- 
cated by the microfossils present ш the sediment (table 
VIII-1, figs. VIII-3 and VIII-4). Thus it appears that 
the lake had an extremely low productivity, except 
for diatoms, during all but perhaps the beginning of 
the first 22,000 years of its history. 


Although all major taxonomic groups were encoun- 
tered in the oldest sediment of period A, few species 
were present (table VIII-1); and it was common for 
one or two forms to be strongly dominant, a character 
of immature ecosystems. The phytoplankton consisted 
of both blue-green and green algae with the fossil record 
suggesting that of these two, the blue-green algae were 
most abundant. The only zooplankton forms found in 
the fossil record, Bosmina longirostris and Daphnia sp., 
were both rare; however, the lake presumably contained 
other zooplankters, rotifers, and copepods, that could 
have been numerous. The littoral chydorid Cladocera 
were more abundant than the plankton forms. This 
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fact, along with the presence of large amounts of plant 
fragments and relatively large numbers of pollen of 
rooted aquatic plants in the sediment, suggests that the 
weedy littoral zone was well developed. Even then, 
however, the absence of large numbers of chydorids and 
chironomids indicates that the littoral zone could not 
have been too productive and no doubt low temperature 
was a major factor limiting the development of an 
abundant fauna. 

АП microfossil components sharply declined during 
period B, following the initial development of the flora 
and fauna; some disappeared from the sediment. There 
ensued a very long interval when all remains were 
either extremely scarce or completely absent. This in- 
terval began above 267 centimeters and continued to 
129 centimeters. Remains of blue-green algae and of 
Pediastrum boryanum, were found in the sediment 
from 267 to 200 centimeters, though never abundant, 
and were absent from 200 to 148 centimeters, except 
for a few remains of Pediastrum recovered only in 
qualitative samples at 173 and 158 centimeters. 

The later phase of the lake's history, beginning above 
129 centimeters, represents the period of cultural dis- 


Pediastrum 
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turbances and 1s of greatest biological interest because 
it was the only time that the lake had a well-developed 
biota of non-siliceous fossils (fig. VIII-8). 

The initial cultural disturbances at 124 centimeters 
were immediately preceded by the reappearance of 
species previously restricted to the earliest history of 
the lake. From 129 to 124 centimeters the flora and 
fauna began to develop, but only rapidly above 124 
centimeters, and attained large populations during the 
time represented by sediment levels 119 to 100 centi- 
meters (2200 to 1700 в.р.). 

Although total organic content of the sediment sug- 
gests a uniform mass development of the biota with a 
subsequent decline, qualitative examination of the micro- 
fossils demonstrates the presence of a succession of 
microorganisms (fig. VIII-8), the significance of which 
is not fully understood. The blue-green algae became 
very abundant at 123 centimeters and attained their 
maximum production (based on number of filaments 
deposited per square centimeter per year) at 119 centi- 
meters but declined thereafter. Pediastrum was less 
numerous at 119 centimeters but replaced the blue- 
greens as the dominant alga at 114 centimeters and de- 
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Fic. VIII-8. Numbers of algae, Cladocera, midges (based on data of S. Roback), Turbellaria 


and Bryozoa, and the diversity 


indices for the chydorid Cladocera in the upper 130 centimeters of core 2, Lago di Monterosi, Italy, based upon sedimentation 
rates and expressed as number of remains deposited per square centimeter per year. 
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veloped to а peak production at 109 and 104 centi- 
meters, after which they too became less numerous. 
According to Dr. Ruth Patrick's study of the diatoms, 
these were scarce or absent from 123 to 104 centimeters 
but above 104 centimeters became very common ( Pat- 
rick, personal communication). | 

The chironomids (Roback, personal communication ) 
had their maximum development simultaneously with 
the blue-green algae while the planktonic Cladocera, 
particularly Bosmina longirostris, paralleled the de- 
velopment of Pediastrum. 

This succession of forms, during a period which 
spanned 500 years, suggests a change from a relatively 
highly productive lake to a less productive lake. The 
decaying blue-green algae and associated bacteria could 
provide a rich food source for the chironomids and to 
some extent the chydorids, and this probably explains 
the abundance of these groups at that time. The increase 
in Bosmina above 114 centimeters is partially due to 
a significant increase in numbers of Bosmina longirostris 
similis (fig. VIII-6), a form that tends to be associated 
with less eutrophic environments than В. l. longirostris. 
It might also be noted here that В. /. cornuta, an 
eutrophic form, was particularly abundant at 119 centi- 
meters. 

Clearly, a significant environmental change took 
place during this period. It is conceivable that a varia- 
tion in water level, increasing above 119 centimeters 
and thus giving the biota a more planktonic character, 
could cause such a variation though cessation of cultural 
disturbances might also in part explain these changes. 

Almost all microfossils, except the chydorids (and 
diatoms, Patrick, personal communication) were con- 
siderably less numerous from 100 centimeters to 53 
centimeters. The Turbellaria, Bryozoa, and midge popu- 
lations had restricted increases. The dominant species 
of chydorids and Pediastrum, found below 100 centi- 
meters, continued to prevail immediately above 100 
centimeters although among the chydorids Leydigia 
leydigi gradually became more numerous while a few 
species disappeared from the fauna (or became exceed- 
ingly rare). The diversity indices of the chydorids 
declined during this period (fig. VIII-8C). 

It is probable from core 1 and the apparent sedi- 
mentation rates for core 2 (fig. VIII-1) that this period 
represents a time of increased erosion. 

During the tenth or eleventh century, as represented 
by the sediment at 53 centimeters, further changes in 
trophic conditions and dominant species of the lake seem 
to have occurred. Pediastrum simplex became exceed- 
ingly numerous, along with Bosmina longirostris, from 
53 to 23 centimeters. The numbers of chydorid Cla- 
docera also increased, and Leydigia leydigi and L. 
acanthoceroides became the dominant chydorids and 
continued so to the surface sediment. The chironomids 
increased only slightly at this time while the Bryozoa 
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disappeared and the Turbellaria declined significantly. 

This period appears to correspond to renewed settle- 
ment in the early Middle Ages and the first document 
giving the name of the lake. 

The character of the flora and fauna, i.e., the domi- 
nance of Pediastrum, the increased significance of the 
two limnicole species of Leydigia, suggests that the 
lake was relatively deep. As in the earlier period of 
eutrophication, the blue-green algae were dominant 
immediately before Pediastrum. The immediate effect 
of cultural disturbances appears, therefore, to have been 
a strong eutrophication of the lake with associated 
blue-green blooms but followed by a stabilization of 
limnological conditions, particularly primary produc- 
tivity and with it a succession of algal species—from 
a blue-green to a green algal flora. 

The relationship of events above 23 centimeters is 
quite vague owing to the absence of reliable dates 
though it is apparent from the fossil populations that 
the strong disturbances, seen in the sediment prior to 
this level, had subsided; but the flora and the fauna 
remained unchanged. The only known recent historical 
change in the lake itself occurred within the last 70 years 
when, about 1937, the level of the lake was lowered 
from eight to five meters. It cannot be determined 
whether this variation in level is mirrored in the micro- 
fossil record, though the presence of a very different 
biota in the lake today as compared with the sediment 
would suggest that it is. The present chydorid fauna 
is dominated by Acroperus harpae, Alona affinis, Alona 
rectangula, and Alona guttata, and no specimens of 
Leydigia have been found (from personal collections 
by Hutchinson, May, 1961; Goulden, May, 1964). 
Furthermore, Bosmina longirostris is not presently 
found in the plankton (Stella and Margaritora, 1966). 


SUMMARY 


The early biotic history of Lago di Monterosi was 
characterized by an initial development of an unproduc- 
tive littoral community followed by a very long interval, 
approximately 22,000 years, of extremely low produc- 
tivity when most plant and animal microfossils were 
rare or absent in the sediment. This period ended 
abruptly as a result of cultural disturbances (some 2300 
to 2500 years ago) that initiated the development of 
large populations of blue-green algae, chydorid Cla- 
docera, and midges. This highly eutrophic environment 
was relatively short-termed and was replaced by a less 
eutrophic phase, dominated by Pediastrum and the 
cladoceran, Bosmina longirostris. Populations герге- 
senting the latter biota gradually declined and there 
again ensued a rather long interval in the sediment of 
relatively low microfossil populations. 

A second major cultural disturbance began some- 
time in the tenth or eleventh century, causing a renewed 
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expansion of the biota with Pediastrum simplex, Bos- 
mina longirostris, and the two limnicole chydorids, 
Leydigia leydigi and L. acanthocercoides, as the domi- 
nant forms. 

Although the intensity of cultural disturbances later 
decreased, as seen in the smaller microfossil popula- 
tions above 23 centimeters, the same organisms contin- 
ued to dominate the biota. However, in recent years the 
lake has acquired a very different fauna, not seen in 
the sediment, that may have developed as a result of a 
sharp fall in water level from eight to five meters. 


“ACKNOWLEDGMENTS 


In addition to acknowledging the help of those people 
cited in the major acknowledgments of this volume, I 


GOULDEN: FOSSIL FLORA AND FAUNA 


111 


would like to offer my sincere thanks to the Society of 
Sigma X1 and the American Philosophical Society for 
travel funds that, although awarded to cover expenses 
for visits to European museums, also allowed the 
present author to visit Lago di Monterosi. 


REFERENCES 


Воматтт, E. 1961. 
perentia 17 : p. 252. 

GouLDEN, С. E., and D. G. Frey. 1964. “The Occurrence and 
Significance of Lateral Head Pores in the Genus Bosmina 
(Cladocera)." Int. Rev. Hydrobiol. 48: pp. 513-522. 

STELLA, E. and Е. Marcarirora. 1966. “А Contribution to 
the Study of Lago Monterosi (Roma, Italy): Present Bio- 
logical Conditions of the Lake.” Verh. int. Ver. Limnol. 16: 
pp. 83-88. 


"I sedimenti del lago di Monterosi.”  Ex- 


IX. THE DIATOMS 


RUTH PATRICK : 


Department of Limnology, Academy of Natural Sciences of Philadelphia 


Many stratigraphic studies have been made to deter- 
mine the past history of lakes. This is particularly true 
for lakes which came into existence during Pleistocene 
or Recent time. As indicated elsewhere in this volume 
(see p. 43) the earliest sediments of Lago di Monte- 
rosi have an age of at least 24,650 radiocarbon years. 

This study of the diatom flora of the lake has re- 
sulted from the analyses of two cores which are des- 
ignated as core 1 and core 2. The samples studied from 
core 1 were from 1 to 197 centimeters in depth and cover 
the periods designated as C», Са, Вз, and Bs. The core 
2 samples were from 1 to 281 centimeters in depth and 
covered the periods from Cə through Са, Вз, Be, Bı, 
and A. 


METHODS AND PROCEDURES 


The samples were sent to me by Professor G. Evelyn 
Hutchinson. These were cleaned with nitric acid and 
potassium dichromate and subsequently washed free of 
the acid. The sediments were diluted to a known vol- 
ume, and a specified amount was used to make each 
hyrax mount which makes a permanent slide. These 
slides have been placed in the diatom herbarium of the 
Academy of Natural Sciences of Philadelphia. 

The diatoms were identified and recorded as to fre- 
quency of occurrence. The ecological conditions in 
which the taxa are known to occur were recorded. 
Among the hundred and thirty-nine taxa identified one 
new taxon was found. These data are presented in the 
systematic part of this paper. The Shannon-Wiener 
diversity index was determined for each of the levels 
studied in core 1. 


DISCUSSION OF RESULTS 


An examination of core 1 and core 2 shows that 
during the period С» more sediment was laid down in 
core 1 than in core 2 while the reverse was true during 
Вз. During the periods C4, B», and B, the amounts of 
sediment laid down during approximately the same 
periods of time were similar. 

During most of the later history of the lake, from 
О to 88 centimeters in core 1 and from О to 54 centi- 
meters in core 2, the diatom flora was relatively scarce 
(table IX-1 ; ig. IX-1). However, there are exceptional 
levels, namely 21 to 26 centimeters in core 1 and 36 


1] wish to express my great appreciation to Professor С. 
Evelyn Hutchinson who kindly sent the sediments for study 
and was of great assistance in providing information through- 
out the study. To Dr. Ursula Cowgill and Dr. Clyde Goulden 
I wish to express my sincere thanks for their help in providing 
information that has made this study much more meaningful. 
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to 40 centimeters in core 2 where the flora was well 
developed. The scarce flora during all this time suggests 
a circumneutral pH and the presence of planktonic as 
well as benthic species indicates a fairly deep lake. In 
the period represented by 25 to 55 centimeters in core 2 
(30 to 78 centimeters in core 1) when the diatom flora 
was usually scarce, there appeared a maximum of 
Pediastrum at 38 centimeters, a well-developed diatom 
flora at 40 centimeters and a decrease in blue-green 
algae. During the period from approximately 60 to 90 
centimeters in core 2 (88 to 128 centimeters in core 1) 
the green alga Pediastrum and the blue-green algal 
flora were relatively small (see Goulden's remarks on 
p. 110), and the diatom flora was well developed. The 
water at the time of the diatom maximum had a cir- 
cumneutral РН and was eutrophic in nutrient level. 
Species of both littoral and epiphytic plankton were 
frequent to common. The most consistently common 
plankton taxa were Melosira granulata and Melosira 
granulata var. angustissima. These taxa are commonly 
found in eutrophic lakes in warm weather. Hutchinson 
(1967) states that they often occur in lakes that produce 
important blue-green maxima, “but the main develop- 
ment of this diatom need not coincide with that of the 
Myxophyceae.” In order to identify these taxa defi- 
nitely, one should observe the spines. The narrower 
varieties of Melosira granulata are often misidentified 
as narrow forms of M. ambigua and vice versa. 

In core 2 below 90 centimeters the diatom flora 
becomes less well developed and ceases to exist from 
113 to 151 centimeters. Goulden (fig. VIII-3) has shown 
that a blue-green maximum occurred between 114 and 
127 centimeters in core 2 with a smaller peak at 53 
centimeters. He does not record the abundance of the 
blue-green algae below 127 centimeters. 

It is also interesting to compare the abundance of the 
diatom flora with the abundance of Bosmina and 
Chydoridae. From 135 to 100 centimeters (core 2) 
there is an increase in the abundance of all three groups. 
Between 100 and 80 centimeters the diatom abundance 
is high while the abundances of Chydoridae and Bos- 
mina are relatively low. These latter groups start to 
increase, reaching a peak at 53 centimeters while the 
diatoms decrease in abundance from 70 to 53 centi- 
meters. The Bosmina and Chydoridae then generally 
decrease to the surface whereas the diatom flora shows 
a decided increase at 40 centimeters and then decreases. 
This interesting inverse correlation, during most of the 
period, between diatoms on the one hand and the 
chydorid Cladocera and Bosmina on the other suggests 
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TABLE IX-1 
COMMENTS ON СОВЕ5 1 and 2 


P eriod С. 


Соге 1 


No flora— Cocconeis placentula fairly frequent 
No flora—a few Melosira granulata, Cocconeis placentula 


No flora—a few Melosira granulata 

Flora scarce—circumneutral water, mesotrophic to 
eutrophic 

Flora well developed—circumneutral somewhat alkaline, 
eutrophic. Most common species: Melosira granulata, 
Gyrosigma spencerit var. acutiuscula, Stauroneis acuta, 
Nitzschia tryblionella var. levidensis 


Same type flora as 21-26 cm 
No flora 
No flora 


Flora scarce; circumneutral; lower conductivity, less 
alkalinity, mesotrophic, most common species Cymbella 
ehrenbergii 

Similar to 58 cm. Melosira granulata var. angustissima 
fairly common 

Similar to 58 cm. No species common 

No flora—a few Cocconeis placentula and Navicula gastrum 


No true flora, a few species present 
Poor flora, Melosira granulata var. angustissima frequent 


A few species; no true flora 
Well developed flora, circumneutral eutrophic. Melosira 
granulata var. angustissima dominant 


Core 2 
cm. 


1-5 Circumneutral flora; not well developed. Most common 
species Cyclotella kutzingiana, C. ocellata 


11-15 No flora 


21-25 No flora; a few Cyclotella ocellata, C. kutzingiana, 
Cocconeis placentula 


36-40 Circumneutral; many fragments of benthic diatoms. 
Most common diatoms: Cyclotella ocellata, C. kutzin- 
giana, Cymbella ehrenbergii, Melosira granulata. 
Eutrophic 


51-54 Circumneutral, poorly developed flora. Most common 
species: Cyclotella ocellata, C. kutzingiana, Cocconeis 
placentula 


58-60 Circumneutral, well developed flora, eutrophic. Most 
common species: Melosira granulata and Cyclotella 
ocellata 


Period С, 


Flora not well developed ; by far the most common species 
was Melosira granulata var. angustissima. | Eutrophic, 
warm; plankton and epiphytes 

Flora mainly Melosira granulata var. angustissima, 
littoral species scarce, Coccomeis placentula frequent. 
Similar to 98 cm. Eutrophic 

Flora mainly Melosira granulata var. angustissima which 
is very common. Same аз 103 ст. Eutrophic 

Flora rich in specimens, mainly M. granulata and M. 
granulata var. angustissima. Eutrophic; Circumneutral, 
epiphytic and littoral species fairly numerous 


Plankton, littoral, epiphytic flora well developed; 
eutrophic, circumneutral. Most common species: Melo- 
sıra granulata var. amgustissima, Cyclotella ocellata, 
Cocconeis pediculus, Navicula laterostrata 

The same as 118 cm 

Well developed plankton, littoral, and epiphytic flora. 
Eutrophic, circumneutral. Common: Melosira granulata 
var. angustissima, M. ambigua, Cocconeis placentula, 
Cymbella ehrenbergii 

Flora sparse; plankton greatly reduced; most common 
flora littoral and epiphytic species. Circumneutral, 
mesotrophic 

Flora very sparse, broken, plankton greatly reduced. 
Only species common enough to be established : Amphora 
ovalis var. pediculus, Cymbella ehrenbergii, and Navicula 
laterostrata. Mesotrophic, circumneutral 


68 Flora badly broken, dominant species Melosira granulata 
var. angustissima and Cyclotella ocellata. Circum- 
neutral, eutrophic 

19 Flora mainly Melosira granulata, M. granulata var. 
angustissima, and Cyclotella ocellata. Well developed 
flora; circumneutral, eutrophic 


88 Well developed circumneutral-eutrophic flora. Domi- 
nant species: Melosira granulata, M. granulata var. 
angustissima, and Cyclotella ocellata. А diversified 
littoral flora 


98 Flora scarce—frequent species: Cyclotella ocellata, 
Melosira granulata, Navicula — laterostrata. Circum- 
neutral, eutrophic 


103 Flora scarce; most frequent species Navicula laterostrata 


108 Flora scarce, №. laterostrata frequent; many fragments 
of broken Pinnularias 
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TABLE IX-1— (Continued) 
Period Ci 
Core 1 Core 2 
143 A well developed diversified flora, mainly circumneutral, 113 No flora 
mesotrophic. Dominant species: Cymbella ehrenbergii, 
№. laterostrata, Cocconeis placentula, and Cyclotella 
ocellata. Plankton poorly developed 
148 No flora 118 No flora 
157 No flora 
Period Вз 
cm. cm. 
157 No flora 121 No flora 
173 No flora 151 No flora 
Period B; 
177 Flora scarce; soft water, oligotrophic to mesotrophic, РН 
probably 6.5-7.0. Мапу broken specimens of Pinnularia 
and Eunotia 
182 Flora broken Eunotia and Pinnularia; Gomphonema 162 Flora well diversified, oligotrophic to mesotrophic; low 


gracile and G. parvulum very frequent. Soft water, meso- 
trophic, РН 7 or less 
187 No flora 


192 Many broken fragments of Pinnularia and Eunotia 


197 Many broken fragments of Pinnularia; soft water, pH 7 
or less 


Dominant species: Fragilaria con- 
No plankton 


mineral content. 
siruens and F. construens var. venter. 


172 Very well developed flora, rich in species and specimens. 
Oligotrophic-mesotrophic ; low mineral content. Domi- 
nant species: Fragilaria construens, Е. construens var. 
venter. No plankton 


187 A rich, well diversified flora; low mineral content; 
oligotrophic-mesotrophic. Dominant species: Fragi- 
јата construens var. venter and Е. construens. No 
plankton flora 


Period В, 


199 Scarce flora, most of the species littoral forms 

202-205 Scarce flora; water of low mineral content; oligotrophic- 
mesotrophic. Most common species: Fragilaria con- 
siruens var. venter 

217-220 Flora diverse, no plankton flora; water of low mineral 
content; oligotrophic-mesotrophic. Fragments of Pin- 
nularia. Most common species: Cocconeis placentula, 
and Fragilaria construens var. venter 


Period A 





that predator pressure may have been at least one of the 
causes for the decrease in abundance of diatoms. 
Passing backward in time, it is evident that the 
diatom flora which was well developed during the 
middle of the C; period and the lower part of С» disap- 


245-248 A rich flora, no plankton; mainly littoral taxa. Water 
of low mineral content, oligotrophic to mesotrophic. 
Most common species: Cocconeis placentula and Fragi- 
laria consiruens var. venter 

260-263 A well established diversified flora; no plankton, mainly 
littoral species. Water of low mineral content, oligo- 
trophic to mesotrophic 

275-278 Flora present but rather scarce, no evidence of plankton. 
Oligotrophic to somewhat mesotrophic, water of low 
mineral content. The most frequent species was 
Cocconeis placentula 

279-281 A well diversified rich flora; no evidence of a plankton 
flora. Most of the species littoral. Water of low 
mineral content, oligotrophic to mesotrophic. Domi- 
nant species: Cocconeis placentula and Fragilaria 
consiruens 


peared in Вз. In В» a diatom flora reappears but is of 
a different type, indicating as Cowgill and Hutchinson 
have shown from the chemical analyses, that the lake 
water had a much lower mineral content during the 
period from Bə through A. The plankton appears to 
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be less well developed during this period. Species which 
seem to prefer low mineral waters such as some mem- 
bers of the genera Pinnularia and Eunotia become 
common. Unfortunately the specimens were badly 
broken and the species usually could not be determined. 
Also common were Fragilaria construens and Fragilaria 
construens var. venter, which are often found in such 
waters. Not only do these species indicate lower min- 
eral content but also lower nutrient levels of the water 
in this early period. 

The distribution of the more common species (fig. 
IX-2) in core 2 shows very distinctly the shift in kinds 
of species over time. One group was common from 291 
to 164 centimeters, and another group from 103 centi- 
meters to the surface. This break clearly indicates the 
shift from water of fairly low conductivity with fairly 
low nutrient levels to water of higher conductivity and 
higher nutrient levels. The lack of plankton species 
among the more common species in the levels 281 to 164 
centimeters supports the conclusions that during these 
early periods a true plankton did not exist, and that 
the lake was clear and supported a benthic and littoral 
flora over most of the lake bed. 

The Shannon-Wiener diversity index (logs) has been 
determined for the Chydoridae, Chrysophyceae, and 
diatoms. These indices were determined for the sedi- 
ments of core 2 for the diatoms and Chydoridae. They 
were determined in core 1 for the Chrysophyceae. In 
figure IX-3 the various depths of core 1 have been 
equated as nearly as possible to depths in core 2. The 
results of these studies show that the diversity was 
greater for both the Chrysophyceae and the diatoms in 
the lower sediments—that 15, in the periods A, Ву, and 
B». When the diatom flora reappears in C; the diversity 
is much less. Although the Chrysophyceae flora did not 
disappear in B as did the diatoms, the diversity be- 
comes considerably less during Вз and remains lower to 
the surface. 

The diversity indices of the chydorid fauna were not 
determined for the lower sediments. Goulden states that 
the fauna was very sparse in the sediments from 267 to 
129 centimeters. It was during most of this period that 
the diatom and Chrysophyceae floras were well de- 
veloped and diverse. The chydorid fauna increased in 
diversity in Bs and retained a more or less similar di- 
versity from 115 centimeters to the surface. One might 
speculate that the reductions in diversity of the diatom 
and Chrysophyceae floras were in part due to the de- 
velopment of the chydorid fauna, which exerted a 
predator pressure upon these algae. The diversity in- 
dices of the Chrysophyceae flora and the chydorid fauna 
are more constant from 110 centimeters to the surface 
than the indices of the diatoms which are quite variable. 

When one compares the numbers of species of dia- 
toms identified in the sediments (fig. IX—4), it is evi- 
dent that the floras were composed of more species in 
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the period A through В» than in the periods С, and 
С. From 60 centimeters to the surface the numbers 
of species composing the diatom floras are much more 
variable than the numbers of species composing the 
chydorid fauna. This was the period when the develop- 
ment of the diatom floras in the various sediments was 
very variable, and the low number of species seems to 
be correlated with the poor development of the floras. 

An interesting correlation exists between the se- 
quence in the development of the algal floras and the 
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cultural changes in the watershed. The first and great- 
est cultural change was the Roman disturbance about 
171 в.с. With this disturbance came a great increase 
of blue-green algae, followed by a green algal dominance 
( Pediastrum) and a subsequent dominance of diatoms. 
This is the algal sequence often found today with a 
sudden increase in nutrients due to human activities. 
The same sequence 15 found to a lesser degree in core 
2 between 53 and 30 centimeters which is a period of 
renewed settlement in the early Middle Ages. 


Order BACILLARIALES 


Suborder CoscINODISCINEAE 
Family Coscinodiscaceae 


Genus Cyclotella 


Cyclotella comta (Ehr.) Kiitz. | 
Fresh-water lakes, circumneutral pH, mesotrophic to 


oligotrophic water. 
Occurrence: Core 2, 245.5—247.5 ; 217-220.1 


1 Depth in centimeters. 


Cyclotella kutzingiana Thw. 

Fresh-water lakes and streams, mesotrophic to oligo- 
trophic water. 

Occurrence: Core 2, 51-54; 36-40; 21-25; 11-15; 1-5. 
Cyclotella kutzingiana var. planetophora Fricke 

Lakes, cool water. 

Occurrence: Core 2, 51—54. 

Cyclotella kutzingiana var. radiosa Fricke 

Lakes. 

Occurrence: Core 2, 51-54; 36-40; 1-5. 
Cyclotella ocellata Pant. 

Fresh-water lakes, euryhaline. 

Occurrence: Core 1, 16; 21; 26; 63; 68; 78; 93; 113; 
123; 128; 133; 138; 143. Core 2, 108-110; 103-105; 98- 
100; 88-90; 79-81; 68-70; 51-54; 36-40; 21-25; 1-5. 
Cyclotella stelligera Cl. and Grun. 

Fresh-water lakes, circumneutral pH, seems to be indif- 
ferent to small amounts of chlorides. 

Occurrence: Core 2, 279.5-281.5; 260.5—263. 


Genus Melosira 


Melosira ambigua (Grun.) Müll. 
Fresh water, still and flowing water, oligotrophic to eu- 
trophic water. 
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Occurrence: Core 1, 123; 128; 143. 
58—60. 

Melosira distans (Ehr.) Kutz. 

Prefers fresh water of low mineral content and with low 
nutrient level. 

Occurrence : Core 2, 103-105. 

Melosira granulata (Ehr.) Ralfs. 

Best development in fresh water, optimum pH above 7, 
still water, eutrophic and warm water, found also in 
mesotrophic water and a temperature range of 7-35? С. 
This species is often confused with Melosira ambigua. 

Occurrence: Core 1, 21; 26; 36; 88; 113; 123; 143. 
Core 2, 260.5-263; 245.5-247.5; 202-205; 197.5-199.5; 
187.5-189.5; 172.5-174.5; 162.5-164.5; 103-105; 98-100; 
88-90; 79-81; 68-70; 58-60; 51-54; 36-40; 11-15; 1-5. 
Melosira granulata var. angustissima МИП. 

Prefers fresh-water lakes, optimum РН above 7, meso- 
trophic to eutrophic, warm water. This taxon often con- 
fused with the narrow form of M. ambigua. For definite 
identification one should see the spines on this taxon. 

Occurrence: Core 1, 16; 26; 36; 58; 63; 78; 83; 88; 93; 
98; 113; 123; 128; 143. 

Melosira italica ( Ehr.) Kütz. 
Fresh water, mesotrophic water, pH 6 to 9. 
Occurrence: Core 1, 172. 

Melosira varians Ag. 

Fresh water, optimum pH above 7, still or flowing water, 
mesotrophic to eutrophic water, often found in water 
with high nutrient level. 

Occurrence: Core 1, 113; 128. 


Core 2, 108-110; 
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Suborder FRAGILARIINEAE 
Family Fragilariaceae 


Genus Fragilaria 


Fragilaria brevistriata Grun. 

Tolerant of fresh waters with a wide range of con- 
ductivity. 

Occurrence: Core 2, 275.5-278; 202-205; 162.5-164.5. 
Fragilaria construens (Ehr.) Grun. 

Prefers slightly alkaline, fresh water, still or running wa- 
ter, oligotrophic to mesotrophic water. 

Occurrence: Core 1, 36; 113; 123; 133; 143; 182. Core 
2, 279.5-281.5; 275.5-277.5; 245.5-247.5; 217-220; 202- 
205; 187.5-189.5; 172.5-174.5; 162.5-164.5; 108-110; 103- 
105; 98-100 ; 88-90; 68-70; 58-60. 

Fragilaria construens var. binodis (Ehr.) Grun. 

Prefers cool, fresh water. Can tolerate a wide range of 
conductivity. 

Occurrence: Core 2, 217-220. 

Fragilaria construens var. venter (Ehr.) Grun. 

Prefers circumneutral, fresh water, mesotrophic water. 

Occurrence: Core 2, 245.5-247.5; 217-220; 202-205; 
187.5-189.5; 172.5-174.5; 162.5-164.5; 108-110; 103-105; 
98-100; 88-90; 79-81; 68-70; 58-60: 36-40; 1-5. 
Fragilaria pinnata Ehr. 

Fresh to slightly brackish water, optimum pH above 7, 
still or running water, optimum oligotrophic, may occur in 
mesatrophic water. 

Occurrence: Core 1, 93. 
68-70 ; 58-60. 

Fragilaria pinnata var. lancettula (Schum.) Hust. 

Fresh to slightly brackish water, optimum pH above 7, 
still or running water, optimum oligotrophic, may occur 
in mesotrophic water. 

Occurrence: Core 1, 93. 

Fragilaria sinuata M. Perag. 

Fresh water. 

Occurrence: Core 2, 245.5-247.5. 
Fragilaria vaucheriae (Kütz.) Peters 


Seems to prefer cool, fresh water. 
Occurrence: Core 2, 108-110. 


Core 2, 245.5-247.5; 79-81; 


Genus Opephora 


Opephora swartzii (Grun.) Petit 
Fresh water. 
Occurrence: Core 2, 217-220. 


Suborder EUNOTIINEAE 
Family Eunotiaceae 


Genus Funotia 


Eunotia flexuosa Bréb. ex Kütz. 

Prefers acid to circumneutral water of low mineral con- 
tent, where the current is slow, pH 5.6-7.8. 

Occurrence: Core 2, 172.5-174.5. 
Eunotia formica Ehr. 

Prefers acid to circumneutral water of low mineral con- 
tent. 

Occurrence: Core 2, 187.5-189.5 ; 162.5-164.5. 
Eunotia incisa W. Sm. ex Greg. 


Clear, cool water of low mineral content, often associated 
with moss. 


Occurrence: Core 2, 162.5-164.5. 
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Eunotia pectinalis (О.Е. Müll.) Rabh. 
Fresh water with low mineral content, optimum pH be- 
low 7, still or running water, oligotrophic to mesotrophic 


water. 
Occurrence: Core 1, 177; 182. Core 2, 260.5-263 ; 197.5- 
199.5; 187.5-189.5. 


Eunoiia pectinalis var. minor (Kütz.) Rabh. 

Acid to circumneutral fresh water, tolerates more calcium 
than many species of Eunotia. 

Occurrence: Core 1, 172; 182; 192; 197. Core 2, 197.5- 
199.5; 187.5-189.5; 172.5-174.5; 162.5-164.5. 


Eunotia pectinalis var. recta A. Mayer ех Patr. 
Prefers water of low mineral content. 
Occurrence : Core 2, 172.5-174.5. 


Бипона pectinalis var. undulata (Ralfs) Rabh. 
Prefers circumneutral water of low mineral content. 
Occurrence : Core 1, 192. 


Eunotia soleirolii (Kütz.) Rabh. 
Prefers water of low mineral content. 
Occurrence : Core 2, 217—220. 
Eunotia vanheurckii var. intermedia (Krasske ex Hust.) 
Patr. 
Prefers oligotrophic water. 
Occurrence : Core 2, 162.5-164.5. 


Suborder ACHNANTHINEAE 
Family Achnanthaceae 


Genus Achnanthes 


Achnanthes clevei Grun. 

Commonly found in lakes, prefers water with pH above 
7, indifferent to oligohaline, mesotrophic to eutrophic 
water. 

Occurrence : Core 2, 1-5. 

Achnanthes exigua Grun. 

Commonly found in lakes and streams, pH above 7, indif- 
ferent to small amounts of chloride. 

Occurrence: Core 2, 202-205; 187.5-189.5; 
162.5-164.5. 

Achnanthes exigua var. heterovalva Krasske 

Prefers water of circumneutral рН, mesotrophic water. 

Occurrence: Core 2, 217-220. 


Achnanthes lanceolata (Breb.) Grun. ? 
Widely distributed in lakes and streams, pH circumneu- 
tral, mesotrophic water. 
Occurrence: Core 2, 103-105. 
Achnanthes lanceolata var. elliptica Cl. 
Prefers circumneutral water, mesotrophic water. 
Occurrence: Core 2, 98-100; 88-90; 68-70; 1-5. 
Achnanthes lanceolata var. rostrata (Østr.) Hust. 


Prefers circumneutral РН, mesotrophic water. 
Occurrence: Core 2, 162.5-164.5. 


172.5-174.5; 


Genus Cocconeis 


Cocconeis pediculus Ehr. 
Lakes and streams; epiphytic, prefers circumneutral wa- 
ter, mesotrophic water. 


Occurrence : Core 2, 202-205. 


Cocconeis placentula Ehr. 

Lakes and streams; oligotrophic to mesotrophic water, 
euryhaline. 

Occurrence: Core 1, 16; 26; 36; 68; 78; 83; 93; 98; 
113; 123; 128; 138; 143: 172: 182; 192. Соге 2, 279.5— 
281. 5: 275. 5. 278; 260. 5.263; 245.5-247.5; 217-220: 197.5- 
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199.5; 187.5-189.5: 172.5-174.5; 162.5-164.5 ; 88-90; 79-81; 
68—70; 58-60; 51-54; 36-40; 21-25; 1-5. 
Suborder NAVICULINEAE 
Family Naviculaceae 


Genus Anomoeonets 


Anomoeoneis sphaeophora (Ehr.) Pfitz. 
Prefers fresh to slightly brackish water, 
water. 
Occurrence: Core 1, 36. 


mesotrophic 


Genus Calonets 


Caloneis clevei (Lagst.) Cl. 
Fresh water. 
Occurrence : Core 2, 103-105. 
Caloneis ventricosa ( Ehr.) Meist. 
Prefers fresh water, optimum РН above 7, still or run- 
ning water, mesotrophic water. 
Occurrence: Core 1, 93; 192. 
Caloneis ventricosa var. alpina (Cl.) Patr. 
Typically found in cool water, mountainous regions. 
Occurrence: Core 2, 245.5-247.5 ; 217-220. 
Caloneis ventricosa var. truncatula (Grun.) Meist. 
Fresh water, optimum pH above 7, still or running 
water, mesotrophic water. 
Occurrence: Core 1, 128. Core 2, 217-220. 


Genus Diploneis 


Diploneis elliptica (Kütz.) Cl. 
Fresh water to slightly brackish water, 
mesotrophic water. 
Occurrence: Core 2, 68-70 ; 36-40; 1-5. 
Diploneis oblongella (Naeg. ex Kütz.) Ross 
Fresh to slightly brackish water, mesotrophic water. 
Occurrence: Core 1, 93. Core 2, 245.5-247.5. 


alkaliphilous, 


Genus Gyrosigma 


С yrosigma attenuatum (Kütz.) Rabh. 

Fresh water, optimum pH above 7, still and running 
water. 

Occurrence: Core 1, 21; 58; 68. 
Gyrosigma spencerit var. acutiuscula (Grun.) Skv. 

Fresh to slightly brackish water. 

Occurrence : Core 1, 16; 21; 26; 36; 58; 63; 78. 


Genus Navicula 


Navicula americana Ehr. 
Fresh water, alkaliphilous, circumneutral pH. 
Occurrence: Core 1, 63; 68; 83; 88; 113; 
Core 2, 88—90; 58-60. 
Navicula amphibola Cl. 
Fresh water, circumneutral pH, alkaliphilous, indifferent 
to small amounts of chloride. 
Occurrence: Core 2, 172.5-174.5. 
Navicula anglica Ralfs 
Fresh water, optimum pH above 7, prefers running wa- 
ter, alkaliphilous indifferent to small amount of chloride, 
mesotrophic water. 
Occurrence : Core 1, 21; 36; 128; 143. 
Navicula bacillum Ehr. 
Fresh water, indifferent to small amounts of chloride. 
Occurrence: Core 1, 93; 123. Core 2, 279.5-281.5. 


123; 128. 
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Navicula bacillum var. rectangularis Manguin 

Fresh water. 

Occurrence: Core 1, 197. 

Navicula capitata Ehr. 

Fresh water, tolerant of a wide range in chemical com- 
position. 

Occurrence: Core 2, 279.5-281.5 ; 245.5-247.5. 

Navicula cryptocephala Kütz. 

Fresh water, circumneutral pH, alkaliphilous, meso- 
trophic water. 

Occurrence: Core 2, 279.5-281.5; 275.5-278. 

Navicula cuspidata (Kütz.) Kutz. 

Habitat—fresh water, optimum pH above 7, still or run- 
ning water, mesotrophic to eutrophic water. Наз been 
found in polysaprobic conditions. 

Occurrence: Core 1, 21; 63; 128. Core 2, 260.5-263; 
245.5-247.5 ; 217—220. 

Navicula dicephala (Ehr.) W. Sm. 
Fresh water, optimum pH above 7, mesotrophic water. 
Occurrence: Core 1, 182; 197. 
Navicula elegans W. Sm. 
Fresh water, circumneutral pH. 
Occurrence: Core 2, 162.5-164.5. 
Navicula exigua Greg. ex Grun. 

Fresh water lakes or streams, optimum pH above 7, 
mesosaprobic, mesotrophic water. 

Occurrence: Core 1, 128. Core 2, 202-205. 

Navicula exigua var. capitata Patr. 

Fresh water, seems to prefer water of less than 100 mg/l. 
hardness. 

Occurrence: Core 2, 279.5-281.5. 

Navicula gastrum (Ehr.) Kitz. 

Fresh water, circumneutral pH, mesosaprobic, meso- 
trophic. 

Occurrence: Core 1, 21; 58; 68; 113; 123; 128; 143. 
Core 2, 1-5. 

Navicula globosa Meist. ? 

Fresh water. 

Occurrence : Core 2, 98—100. 
Navicula graciloides A. Mayer 

Fresh water, alkaliphilous, still or running water, meso- 
trophic water. 

Occurrence: Core 1, 21; 36. Core 2, 260.5-263 ; 68-70. 
Navicula halophila (Grun.) Cl. 

Fresh to slightly brackish water, mesotrophic water. 

Occurrence: Core 1, 182. 


Navicula hutchinsonu n. sp. 


Valve linear-lanceolate with rostrate apices. Axial 
area narrow; central area transverse nearly reaching 
the margins of the valve. Striae distinctly radiate 
toward the center of the valve, but parallel to slightly 
convergent at the apices. Striae throughout most of 
the valve 20-22 in 10 в, а little coarser in the middle of 
the valve. Length, 17—20 u. Breadth, 5-6 u. (бе. IX—5). 

Valva lineari-lanceolata, apicibus rostratis. Area 
axialis angusta. Area media transversa ad margines 
valvae ferme praebens. Striae in omino maxima parte 
valvae radiatae, ad apices parallelae aut convergentes. 
Striae areae mediae in longitudine breves et inaequales. 
Striae 20-22 in 10 » in medio valvae crassiores. Longi- 
tudo 17-20 y. Latitudo 5-9 y. 
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Fic. [Х-5. Navicula hutchinsonii. 


This species is similar to Navicula сре Hust. in 
shape of the valve, but differs from it in the greater 
angle of the striae, the coarser striae, and the structure 
of the central area. 


Туре: ANSP General Coll. No. 13611. 


Type locality: Lago di Monterosi, Italy; lat. 42°12’N, 
long. 12?18'E. 

Sediment depth—275.5-278 cm., Core 2 (period А). 

This species was also found in Core 2, depth 245.5- 
247.5 cm. (period А). 

This species is named in honor of Professor С. Evelyn 
Hutchinson who provided the samples for this study and 
has provided a large amount of data which have greatly 
aided in the preparation of this manuscript. 

Navicula laterostrata Hust. 

Fresh to slightly brackish water, often found in lakes 
in Europe. 

Occurrence: Core 1, 113; 123; 128; 133; 138; 143. 
Core 2, 162.5-164.5; 108-110; 103-105; 98-100; 88-90; 
79-81; 68—70; 58-60. 

Navicula minima Grun. 

Fresh water, circumneutral pH, alkaliphilous, meso- 
trophic water. 

Occurrence: Core 2, 279.5-281.5. 
Navicuia mutica Kütz. 

Fresh, brackish, and alkaline water. 

Occurrence: Core 2, 260.5-263: 
164.5. 

Navicula pseudoseminulum Skv. 

Fresh water. 

Occurrence: Core 2, 275.5-278 ; 217-220. 

Navicula рирша Kütz. 

Prefers fresh water of fairly high mineral content, pH 
circumneutral halophilous, mesotrophic water. 

а Core 2, 279.5-281.5; 187.5-189.5; 162.5- 
164.5. 

Navicula pupula var. mutata (Krasske) Hust. 

Fresh water. 

Occurrence: Core 2, 279.5-281.5. 

Navicula pupula var. rectangularis (Greg.) Grun. 

Prefers fresh water of high mineral content, pH cir- 
cumneutral, mesotrophic water. 

Core 1, 26. 

Navicula pusio Cl. 

Fresh water. 

Occurrence: Core 1, 103-105. 
Navicula radiosa Kitz. 

Fresh to very slightly brackish water, circumneutral pH, 
still or running water, mesotrophic water. 

Occurrence: Core 1, 16; 21; 26; 113; 143. 
260.5-263 ; 202-205; 172.5-174.5; 36-40. 
Navicula seminulum var. hustedtii Patr. 


Fresh water, circumneutral pH. 
Occurrence: Core 2, 58—60. 


172.5-174.5; 162.5- 


Core 2, 
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Navicula subtilissima СТ. 
Fresh water of low mineral content, circumneutral pH. 
Occurrence: Core 2, 279.5—281.5. 

Navicula viridula (Kütz.) Кис. emend V.H. 
Fresh water, circumneutral рН, mesotrophic water. 
Occurrence: Core 2, 245.5—247.5, 


Genus Neidium 


Neidium affine var. amphirhynchus (Ehr.) Cl. 

Fresh water, in little current, circumneutral pH, meso- 
trophic water. 

Occurrence: Core 1, 177. 
N eidium iridis var. ampliatum (Ehr.) Cl. 

Fresh water of low mineral content, lakes and bogs, cir- 
cumneutral pH. 

Occurrence : Core 1, 133. 
N eidium iridis f. vernalis Reich. 

Fresh water with low mineral content, circumneutral pH, 


lakes and ponds, mesotrophic water. 
Occurrence: Core 1, 58. Core 2, 187.5-189.5. 


Genus Pinnularia 


Pinnularia abaujensis (Pant.) Ross 
Fresh water of low mineral content. 
Occurrence: Core 2, 187.5-189.5. 
Pinnularia biceps Greg. 
Fresh water of low mineral content, circumneutral pH. 
Occurrence : Core 1, 172. 
Pinnularia borealis Ehr. 
Cool fresh water with low mineral content, circum- 
neutral рН, mesotrophic water, still or running water. 
Occurrence: Core 1, 63, 143. Core 2, 172.5-174.5. 
Pinnularia braunii var. amphicephala (A. Mayer) Hust. 
Cool, fresh water with low mineral content. 
Occurrence: Core 2, 202-205. 
Pinnularia brevicostata Cl. 
Prefers cool water of low mineral content, mesotrophic 
water. 
Occurrence: Core 2, 108-110. 
Pinnularia dactylus Ehr. 
In swamps or ponds, seems to prefer water of low min- 
eral content. 
Occurrence: Core 2, 187.5-189.5. 
Pinnularia flexuosa Cl. 
In ponds and bogs, seems to prefer cool, somewhat acid 
water. 
Occurrence: Core 2, 172.5-174.5. 
Pinnularia gentilis ( Donk.) Cl. 
Prefers lakes, ponds or bogs, in water of low mineral 
content, circumneutral pH, mesotrophic water. 
Occurrence: Core 1, 197. 
Pinnularia intermedia (Lagerst.) Cl. 
Prefers cool water of low mineral content. 
Occurrence: Core 2, 197.5-199.5. 
Pinnularia macilenta (Ehr.) Cl. 
Fresh water. 
Occurrence : Core 2, 172.5-174.5. 
Pinnularia maior (Kütz.) Rabh. 
Prefers fresh water of low mineral content, oligotrophic 
to mesotrophic water. 
Occurrence: Core 1, 26; 177 ; 182. 
Pinnularia microstauron (Ehr.) С. 
Prefers cool fresh water of low mineral content, oligo- 
trophic to mesotrophic water. 
Occurrence: Core 2, 260.5-263. 
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Pinnularia nobilis (Ehr.) Ehr. 

Fresh water of low mineral content, optimum pH below 
7, flowing water, mesotrophic water. 

Occurrence: Core 1, 197. 
Pinnularia subcapitata Greg. 

Prefers fresh water with low mineral content, pH below 
7, oligotrophic to mesotrophic water. 

Occurrence: Core 2, 260.5-263. 
Pinnularia viridis (Nitz.) Ehr. 

Fresh water, circumneutral pH, mesotrophic water. 

Occurrence: Core 1, 58; 182; 197. Core 2, 260.5-263; 
172.5-174.5. 


Genus Stauronets 


Stauroneis acuta W. Sm. 

Fresh water, alkaliphilous, indifferent to small amounts 
of chloride, circumneutral pH, often found in alkaline 
spring lakes and upper to middle reaches of streams, meso- 
trophic water. 

Occurrence: Core 1, 21; 36. Core 2, 260.5-263. 
Stauroneis anceps var. derasa (Grun.) Cl. 

Fresh water. 

Occurrence : Core 1, 182. 

Stauroneis phoenicenteron (Nitz.) Ehr. 

Fresh water, tolerant of а wide range of pH, meso- 
trophic water. 

Occurrence: Core 2, 260.5-263; 217-220; 172.5-174.5; 
162.5-164.5. 


Family Gomphonemaceae 


Genus Gomphonema 


Gomphonema acuminatum var. coronata (Ehr.) W. Sm. 
Prefers low mineral water with circumneutral pH, meso- 
trophic water. 
Occurrence: Core 1, 192. Core 2, 172.5-174.5; 162.5- 
164.5. 
Gomphonema angustatum (Kütz.) Rabh. 
Prefers water of low nutrient content, circumneutral pH, 
still or flowing water. 
Occurrence : Core 1, 192. 
Gomphonema constrictum Ehr. 
Fresh water, optimum pH above 7, still or running wa- 
ter, euryhaline, mesotrophic water. 
Occurrence: Core 1, 98; 113; 123; 128. 
Gomphonema constrictum var. capitata ( Ehr.) Grun. 
Fresh water, circumneutral pH, still or flowing water, 
euryhaline, mesotrophic water. 
Occurrence: Core 1, 138; 143. Core 2, 217-220; 187.5- 
189.5. 
Gomphonema gracile Ehr. 
Fresh water, circumneutral pH, mesotrophic water. 
Occurrence : Core 1, 172; 177; 182. Core 2, 187.5-189.5. 
Gomphonema gracile var. aurita (A. Braun) Cl. 
In fresh water with fairly high conductivity which has 
little current. 
Occurrence: Core 2, 172.5-174.5. 
Gomphonema gracile var. naviculoides (W. Sm.) Grun. 
Fresh water. 
Occurrence: Core 2, 202-205. 
Gomphonema intricatum Kütz. 
Prefers fresh water, pH above 7, mesotrophic water. 
Occurrence: Core 2, 197.5-199.5. 
Gomphonema intricatum var. pumila Grun. 


Fresh water, circumneutral pH. 
Occurrence: Core 2, 245.5-247.5; 197.5-199.5. 
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Gomphonema montanum var. media Grun. 

Fresh water. 

Occurrence: Core 1, 197. 
Gomphonema parvulum Kütz. 

Fresh water, flowing, oligotrophic to eutrophic water, 
develops best in water with very high nutrient content. 
P Core 1, 177; 182. Core 2, 260.5—263; 162.5- 

64.5. 
Gomphonema subclavatum Grun. 

Fresh water. 

Occurrence: Core 1, 182; 197. 


Family Cymbellaceae 


Genus Amphora 


Amphora ovalis Kütz. 

Fresh water, optimum pH above 7, still or running wa- 
ter, euryhaline, mesotrophic water. 

Occurrence: Core 1, 16; 21; 26; 36; 58; 63; 68; 83; 113; 
123; 128; 133; 138; 143; 192. Core 2, 58-60; 36-40. 
Amphora ovalis var. libyca (Ehr.) Cl. 

Fresh water, optimum pH 7 or above, still or running 
water. 

Occurrence: Core 1, 78; 88; 113; 128. Core 2, 279.5- 
281.5; 245.5-247.5. 

Amphora ovalis var. pediculus Kütz. 

Fresh water, optimum pH 7 or above, still or running 
water, mesotrophic water. 

Occurrence: Core 1, 93; 138. Core 2, 260.5-263; 217- 
220; 202-205; 172.5-174.5; 162.5-164.5; 68-70; 58-60; 
36—40; 1-5. 

Amphora perpusilla Grun. 
Prefers circumneutral water, mesotrophic water. 
Occurrence: Core 2, 245.5-247.5. 


Genus Cymbella 


Cymbella affinis Kitz. 
Fresh water, lakes or streams, alkaliphilous, mesotrophic 
water. 
Occurrence: Core 1, 143. 
Cymbella aspera ( Ehr.) Cl. 
Fresh water, lakes or streams, mesotrophic water. 
Occurrence: Core 1, 192. Core 2, 260.5-263; 162.5- 
164.5 ; 88-90. 
Cymbella cistula ( Hemp.) Grun. 
Fresh water, circumneutral РН, mesotrophic to eutrophic 
water. 
Occurrence: Core 1, 83; 93; 123; 138; 143. Core 2, 217- 
220. 
Cymbella ehrenbergii Kütz. 
Fresh water, optimum pH above 7. 
Occurrence: Core 1, 21; 58; 68; 83; 88; 98; 123; 128; 
138. Core 2, 108-110; 98—100; 58-60; 36-40. 
Cymbella heteropleura var. minor Cl. 
Fresh water, cool. 
Occurrence: Core 2, 172.5-174.5. 
Cymbella hustedtii Krasske 
Fresh water. 
Occurrence: Core 2, 88-90: 79-81 ; 68-70. 
Cymbella lanceolata (Ehr.) V. H. 
Fresh water, optimum pH above 7, mesotrophic water. 
Occurrence : Core 1, 93. 
Cymbella microcephala Grun. 
Fresh water, widely distributed, circumneutral pH, meso- 
trophic to eutrophic water. 
Occurrence: Core 2, 36-40. 
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Cymbella naviculiformis Auersw. 

Fresh water, prefers water with pH above 7, meso- 
trophic water. 

Occurrence: Core 2, 217-220: 187.5-189.5; 162.5-164.5. 
Cymbella prostrata (Berkeley) СІ. 

Fresh water, lakes or streams, optimum pH above 7, 
mesotrophic water. 

Occurrence : Core 1, 123. 
Cymbella turgida Greg. 

Fresh water, optimum pH above 7, mesotrophic water. 

Occurrence: Core 1, 123; 128; 172. Core 2, 202-205; 
172.5-174.5; 162.5-164.5. 
Cymbella ventricosa Ag. 

Fresh water, circumneutral РН, running water, prefers 
mesotrophic to eutrophic water. 

Occurrence: Core 1, 113; 123; 128; 133; 143: 182. 
Core 2, 245.5-247.5; 217-220; 202-205; 187.5-189.5; 172.5- 
174.5; 103-105; 88-90; 79-81 ; 68-70. 


Family Epithemiaceae 


Genus Epithemia 


Epithemia intermedia Fricke 
Often found in lakes. 
Occurrence : Core 2, 217-220. 

Epithemia sorex Kutz. 

Fresh water, streams and lakes, optimum pH above 7 
common in alpine lakes, euryhaline. 

Occurrence: Core 1, 113. Core 2, 172.5-174.5 ; 88—90. 
Epithemia turgida (Ehr.) Kitz. 

Fresh water, little if any current, optimum pH above 7 
mesotrophic water. 

Occurrence: Core 1, 21. 
68-70. 

Epithemia turgida var. granulata (Ehr.) Kütz. 

Widely distributed, fresh to slightly brackish water, 
alkaliphilous, mesotrophic water. 

Occurrence: Core 2, 217-220; 68-70. 

Epithemta zebra (Ehr.) Kitz. 

Fresh water of high conductivity, slightly brackish, орн- 
mum pH above 7. 

Occurrence: Core 1, 143. 

Epithemia zebra var. porcellus (Kütz.) Grun. 

Fresh water, optimum рН above 7. 

Occurrence: Core 1, 36; 63; 98; 123; 133; 138; 192. 
Core 2, 245.5-247.5; 217-220; 197.5-199.5; 187.5-189.5; 
172.5-174.5; 162.5-164.5. 

Epithemia zebra var. saxonica (Kütz.) Grun. 

Fresh water, optimum pH above 7. 

Occurrence: Core 1, 21. Core 2, 279.5-281.5; 245.5- 
247.5; 217-220: 79-81 ; 58-60. 
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Core 2, 275.5-278; 79-81; 


Genus FRhopalodia 


Rhopalodia gibba (Ehr.) O. Müll. 


Fresh water, optimum pH above 7, indifferent to small 
amounts of chloride, still or running water, eutrophic 
water. 


Occurrence : Core 1, 93; 128. 


Family Bacillariaceae 


Genus Hantzschia 


Hantzschia amphioxys (Ehr.) Grun. 
Fresh water, optimum РН above 7, still or flowing wa- 
ter, alkaliphilous to indifferent, mesotrophic water. 
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Occurrence: Core 1. 182; 192. Core 2, 217-220; 187.5 
189.5; 172.5-174.5 ; 162.5-164.5 ; 103-105; 1-5. 


Genus Nitzschia 


Nitzschia amphibia Grun. 

Fresh water, alkaliphilous, tolerant of a wide range of 
mineral content in water. 

Occurrence: Core 2, 245.5-247.5 ; 58—60. 

Nitzschia palea (Kütz.) W. Sm. 

A very tolerant fresh-water diatom, abundant in or- 
ganically polluted water and sometimes grows well in pol- 
luted conditions which are somewhat toxic to most diatoms. 

Occurrence: Core 2, 260.5-263. 
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Nitzschia thermalis Kütz. 
Fresh water, circumneutral pH. 
Occurrence : Core 2, 260.5-263. 
Nitzschia tryblionella Hantz. 
Fresh water of fairly high conductivity or slightly brack- 
ish water, circumneutral pH. 
Occurrence: Core 1, 36. 
Nitzschia tryblionella var. levidensis (W. Sm.) Grun. 
Fresh to slightly brackish water of high conductivity. 
Occurrence: Core 1, 21; 26: 36. 


REFERENCE 


HurcuiNsoN, G. Е. 1967. A Treatise on Limnology Vol. H 
(New York, John Wiley & Sons, [шс.). 


X. THE CHRYSOMONADINA 


ELAINE А. LEVENTHAL 


University of Wisconsin 


This paper reports the identification of the fossil 
chrysophycean cysts dispersed through the sediments 
laid down in Lago di Monterosi. The material examined 
consisted of samples from core 1, the chronology of 
which is discussed in a previous contribution to this 
volume (see pp. 42-44). 

Chrysophycean cysts have long been considered to 
be the resting stages of the organisms that produce 
them. The recent work of Fott (1959), Matviyenko 
(1960, 1962) and Reinmann (1964; Reinmann, Lewin 
and Volcani, 1965) indicates that typically these endog- 
enous siliceous cysts form after the fusion of the proto- 
plasts of two cells. Obviously the cyst must be regarded 
as the end product of a sexual process, and not merely 
as a state of quiescence. Analogous processes occur in 
other fresh-water organisms, such as the rotifers and 
Cladocera, in which sexual processes also lead to the 
production of resting zygotes. Whatever the condi- 
tions may be that bring about cyst formation, it 15 
obvious that the production of many cysts implies a 
previous abundance of cyst-forming organisms, under 
ecological conditions which permit such organisms to 
flourish. A few data are available ( Asmunt, Berit and 
Hilliard, 1961; Beattie, Hirst and Percival, 1961; 
Pringsheim, 1963) relating рН, temperature, and the 
progress of the season to cyst formation, but little of 
this helps in ecological interpretation of fossil floras. 

There is, moreover, the very great difficulty that 
only a minority of the fossil forms can yet be identified 
with living taxa. Many of the simpler forms of cyst 
are no doubt produced by numerous unrelated species, 
and even in the case of such complicated structures as 
the cysts of Uroglena soniaca, almost identical forms 
are believed to house the ordinary vegetative stages of 
quite different unicellular algae, belonging to the prob- 
lematic family Chrysostomataceae. Furthermore in 
Uroglena (Conrad, 1938a) the other species produce 
cysts quite unlike those of U. зотаса. 

In spite of these difficulties, Nygaard (1956), to 
whom we owe the most extensive study of the problem, 
concludes that a | 


great many of the cysts are, however, so characteristic that 
prospects for revealing their identity are good. I am actu- 
ally in the same position as an ornithologist who intends to 
provide information on the bird fauna of an ornithologically 
unexplored region of the world, but who has only the 
eggs at his disposal for identification! Аза further com- 
plication there 1s a possibility that some of my "eggs" may 
represent extinct species. ... 


There 15 one set of observations which may help a 
little 1n. ecological interpretation. Krieger (1929) has 
figured a number of cysts from the Diebelsee, a bog 


lake in the north of the Province of Brandenburg in 
Germany. His cysts are grouped as to whether they 
were obtained from the wet marginal zone, from the 
lake itself, or from postglacial sediments. One gets an 
impression that the forms with a single projection be- 
yond the pore (cf. Uroglena soniaca, Carnegia spp.) 
are much more likely to occur in the marginal zone 
than elsewhere. 

Though the available information on ecology is un- 
satisfactory, the general belief that the Chrysophyceae 
are most abundant primarily in nutrient-poor water 15 
probably justified. Both the localities where large popu- 
lations, indicated by a great variety of cysts, have been 
studied, namely the Diebelsee (Krieger, 1926) and 
Gribsø (Nygaard, 1956), are now chthoniotrophic 
lakes, though at least Gribsé has passed through an 
early phase in which the water, as indicated by the 
diatom assemblage, was definitely alkaline. It was, 
however, probably never strikingly eutrophic, though 
the transitory presence of Melosira granulata var. 
angustissima suggests a short period of moderate eu- 
trophy during the late subboreal period (zone VIII 
of European pollen-chronology), rather after the alka- 
line phase. Early in the latter, the organism producing 
Nygaard's cysta microspinosa seems to have been the 
most abundant fossilizable species in the entire flora, 
though cysta minima and cysta modica, probably formed 
by Chromulina spp. and Ochromonas granularis respec- 
tively, were also produced in some numbers. In the 
later humic phases of the lake these forms persisted, and 
so cannot be very specific ecological indicators. It is, 
however, apparent from the data to be presented from 
Lago di Monterosi, that changes may occur that greatly 
reduce the chrysophycean flora while many other or- 
ganisms continue to flourish. It would be in line with 
what is known about the group (cf. Hutchinson, 1967: 
pp. 340, 455) to suppose that such changes would 
occur when considerable eutrophication took place. 


GENERAL DISTRIBUTION 


From the slides prepared from the fifty depths 
sampled, 6,968 specimens were observed and recorded. 
Though the mode of preparation 15 only semi-quantita- 
tive, the numbers observed certainly give a good rela- 
tive indication of the abundances in the sediments (fig. 
X-] first panel). Approximately 130 taxa, listed below, 
were observed (fig. X-1, second panel). 

In the top 40 centimeters the cysts are of negligible 
importance, rising very slowly in numbers as the depth 
increases in the lower part of С». In the upper part 
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Fic. Х-1. Distribution of number of cysts, number of species, 
information-theoretic diversity index and equitability. 


of С, there is a well-defined maximum 1n number of 
specimens and a clear, though less dramatic, increase 
in the number of taxa present. This period corresponds 
to a time when Patrick finds a good Melosira granulata 
plankton (see p. 112). Somewhat lower in the early 
part of С, the number of individuals falls greatly and 
of species moderately; at this time, as Goulden finds 
(see p. 102), there is evidence of a strong development 
of Myxophyceae. Below 157 centimeters in periods 
B and A the number of cysts and of taxa increases 
greatly; at nearly every level the number of specimens 
and at all levels the number of taxa are greater than 
at the time of the maximum at 108 centimeters. This 
very striking flora, contemporary with the occurrence 
of oligotrophic diatoms, suggests a lime-poor low nu- 
trient water throughout the early history of the lake; 
other evidence suggests, during most of this time, a 
РН just on the alkaline side of neutrality, due no 
doubt to small amounts of sodium and potassium bi- 
carbonates. 


CHEMICAL PREPARATION OF SAMPLES 


The four sections of core 1 taken from the center of 
the lake were sampled at five-centimeter intervals. The 
mud was treated according to the method prescribed 
by Ruth Patrick (1959) for diatom analysis. Nitric acid 
was added to the sediment and the sample was heated 
until disintegration was complete. The material was 
then reduced with potassium dichromate and neutralized 
by repeated decantations with distilled water. The sili- 
ceous residues were mounted in the highly refractive 
medium, Hyrax (refractive index 1.71). The slides 
were examined with oil-immersion lenses (900 X mag- 
nification). Measurements were taken with a calibrated 
ocular micrometer and photographs and drawings were 
made of common as well as unique specimens. One 
slide representative of each five-centimeter level sample 
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was thoroughly scanned and scored. Three slides using 
distilled water in the place of the sample solution were 
run through the above procedure to control for possible 
Trachelomonad contamination. The controls were com- 
pletely negative. 

An attempt was made to examine the cysts with the 
electron microscope. А drop of solution combining a 
dense suspension of specimens was placed on a grid 
reinforced with a carbon film. The weight of the cysts 
not only caused rupture of the carbon films but their 
density prevented electron passage so that detail could 
not be seen. 


SYSTEMATIC PRESENTATION 


The taxa of cysts observed are discussed under cate- 
gories based on their general morphological features. 
In nearly all these categories a number of the cysts are 
referable to forms described by Nygaard (1956) under 
names that he calls nomina tempora (sic), each name 
consisting of the word cysta and some suitable epithet. 
The large number of such entities that can be recognized 
permits the use of Nygaard's schematic classification in 
the characterization of groups.! In a certain number of 
cases, living species of ordinary genera of Chryso- 
phyceae, most often Chromulina, Ochromonas, Mal- 
lomonas, and Dinobryon, have been observed to pro- 
duce morphologically recognized cysts; and, where 
such cysts can be tentatively recognized, the taxonomic 
name of its supposed producer has been used. In addi- 
tion to such genera, it would appear that a number of 
taxa belonging to the family Chrysostomataceae consist 
of organisms living in their trophic vegetative state in 
siliceous tests, some of which seem to be identical with 
the cysts of other Chrysophyceae. These have been 
arranged by Deflandre (1934) in five genera: 

Chrysostomum Chodat emend. Deflandre, spherical, 
ovoid or ellipsoidal with or without collar arising from 
edge of pore, hardly or not at all ornamented. The cysts 
of Nygaard’s group A belong here. 

Сѓетса Frenguelli emend. Deflandre, spherical, 
ovoid, or elliptical, collar if present like that of the pre- 
ceding, well ornamented with short to moderate spines, 
ridges, granulations, etc., but without alar or single 
elongate hooklike projections. This would include most 
of the members of Nygaard’s groups В-Н. 

Outesia Frenguelli, spherical, ovoid, or ellipsoidal, 
with a double collar derived from the cyst wall, but 
without other striking ornamentation. 

Chrysastrella Chodat emend. Deflandre, spherical 
with or without simple collar, with several very long 
spines. 

Carnegia Pantocsek emend. Deflandre, with vary- 
ing ornamentation, including aliform or recurved pro- 
jections. 


1 Additional groups, hardly coordinate with Nygaard’s, but 
convenient in the presentation, are added. 
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Fic. Х-2. Depth distribution of cysts of group А. 


The exact status of these genera needs clarification. but their elaborate tests are doubtfully distinguishable 
Many species that would be included formally in Cleri- from the empty cysts of Uroglena soniaca, a member 
cia are certainly cysts. In Carnegia it is probable that of a quite different family. 
certain species as C. operculata Conrad and C. fren- Where cysts are most conveniently compared to 
guellii (Clerici) Deflandre are independent organisms, Conrad’s (1940) figures, rather than those of Мураага 
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confusing to later revisers as they would be invalid 


(1956), the generic names Clericia and Carnegia have 
been used, but any new forms have been designated by 
letters to avoid making combinations that would be as 


today. In all cases a reference has been given to the 
figure or description used in making the identification. 
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Fic. X-3. Depth distribution of cysts of groups В, C, and D. 
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Fic. X-4. Depth distribution of cysts of groups Е, Е, and С. 
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Fic. X-5. Depth distribution of cysts of group Ji. 
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Fic. X-6. Depth distribution of cysts of groups Jii and Jiii. 
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Fic. Х-7. Depth distribution of cysts of groups Лу, К, апа L. 
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It should be mentioned that many cysts comparable 
to those figured by Nygaard (1956) from Sweden were 
also illustrated by Frenguell (1932), from Pliocene 
deposits in Argentina, as species of Trachelomonas, ап 
invalid generic assignment (Deflandre, 1934). Some of 
the simpler cysts are not distinguishable from certain 
of those figured as Archaeomonadaceae, by various 
authors (e.g., Deflandre, 1936: p. 23) from marine 
deposits of late Cretaceous and of Tertiary age. 

In discussing the occurrence of the various taxa, the 
range of occurrence is first given, then a symbol indi- 
cating overall abundance, followed by indications of the 
levels at which the taxon was commonest if there was 
marked variation in abundance. The semi-quantitative 
indications of commonness are: cccc, more than 800 
observed, ccc 400-800, сс 200-400, c 100-2СО, m 50-100, 
г 25-50, rr 10-25, rrr 1-10 observed throughout the 
core. The detailed distributions are most conveniently 
presented graphically (figs. Х-2-7). 


GROUP A. SIMPLE SPHERICAL 
UNSCULPTURED CYSTS 


1. Without а Collar 
Chrysostomum simplex Chodat (Deflandre, 1934: fig. 
5; Conrad. 1940), a simple spherical unornamented 





р 
/ 





Х- 10 Р 


Fic. X-8. 


spines. 
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cysta subastroidea; magnification 2,000 X; note neck and small, short 
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cyst about 10 u in diameter. Though comparable to the 
cyst figured by Deflandre, the extreme simplicity of its 
form is hardly likely to be diagnostic, a remark which 
however applies to all the members of this group. Re- 
corded from 31—244 centimeters, c, mostly 167, 212-244 
centimeters. 

Ch. minutissimum (Frenguelli) Deflandre, differing 
from the preceding only in its smaller size (3.5-6.5 м); 
the simplest kind of cyst and also the commonest in the 
Monterosi sediments. Recorded from 31-244 centi- 
meters, cccc, mostly 100—128, 143, 167, 172, and 202-244 
centimeters. 

cysta globata Nygaard (1956, pl. VIII fig. 40) a 
larger (10-12 и) structurally simple form, probably the 
cyst of Dinobryon pediforme Steinecke according to 
Nygaard ; 31-248 centimeters, ccc, mostly 162-248 сепи- 
meters. 

cysta aperta Nygaard (1956: pl. VIII fig. 6-9); 
16-248 centimeters, ccc, mostly 113, 167-182 and 
202—248 centimeters. 

cysta sphaerica Nygaard (1956: pl. X fig. 1-7); 
131—248 centimeters, c, mostly 167—207 centimeters. 

cysta acetabulosa Nygaard (1956: pl. VIII fig. 
11-13); 26-248 centimeters, c, mostly 202-248 centi- 
meters. 








T 


Fic. Х-9. Carnegia complexa (Conrad 1940); magnification 1,500 X ; note collar 


and projection from pore. 


Fic. Х-10. Clericia sp. E; round, multipored ; magnification 3,000 х. 


Ес. Х-11. 
second small orifice. 


cysta subsphaerica; magnification 2,000 X ; note position of large pore, 
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In addition to these entities a few longer collarless 
spherical cysts may be compared with Mallomonas 
bacterium Conrad, 26-212 centimeters, m, mostly 
162-177, and M. paucispinosa Conrad, 177-212 centi- 
meters, rrr, as figured by Huber-Pestalozzi (1941, taf. 
XXVIII, abb, 126, 154), to Synura uvella Ehrenberg 
a single cyst at 31 centimeters, as figured by Huber- 
Pestalozzi (1941, taf. XXXV, abb. 193k), and to 
Dinobryon bavaricum Imhof, 78-248 centimeters, rr, 
mostly 248 centimeters. In view of the simplicity of the 
structures involved, no reliance can be placed on these 
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comparisons, but different taxa, contributing to the 
diversity of the flora, are doubtless involved. 


u. With Collar 


cysta minima Nygaard (1956, taf. VIII, abb. 29-32), 
small collared cysts 3.0-5.0 и in diameter and so perhaps 
with a slightly smaller lower limit of size than Ny- 
gaard’s material (3.9-5.0 и) are very common, 1-24 
centimeters, ccc, mostly 108-123 and 202-248 centi- 


meters. 





Еіс. X-12. Carnegia sp.; magnification 1,500 X ; note length of neck. 


Fic. X-13. 
Ochromonas зр.?). 
X-14.  Uroglena soniaca 


Етс. 


immature 


c. cingens; magnification 1,500 X ; note collar (possibly 


specimen; magnification 


1,500 X ; note unusual position of hook. 


Fig. X-15. с. 
ornamentation. 
Fic. X-16. 
regular-shaped fields. 
Fic. X-17. 
regularity of fields. 
Fic. X-18. 


granular surface. 


vermicularis; magnification 2,500 X ; 


note surface 


c. tabulata; magnification 2,000 х; note large size of 
c. polyhedra; magnification 1,500 X ; note number and 


c. conimamma, magnification 3,000 X; note neck and 
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Fic. X-19. 


Chrysococcus cf. bisetus; silicious test; (see fig. X-42); note 


typical example of amount of debris present in all slides examined; magni- 


fication 1,500 x. 


Fic. X-20. Group М, number 3; silicious test (see fig. X-43) ; note shape and 
position and morphology of pores; magnification 3,000 X. 

Fic. X-21. Carnegia operculata (Conrad 1940) ; magnification 1,500 X. 

Fic. Х-22. Carnegia pantocscki (Conrad 1940) (see fig. X-28) ; note aliform 


projections ; magnification 1,500 X. 


Chromulina minuta Doflein (Huber-Pestalozzi, 1941, 
abb. 44) a small cyst Зи in diameter apparently with 
a somewhat more marked collar than the preceding. 
Recorded from 68-239 centimeters, rr, mostly 239 centi- 
meters. 

Ch. sphaerica Doflein (Huber-Pestalozzi, 1941: p. 
41) comparable but slightly larger (4, diameter); 
/8—248, c, mostly 103-207 and 239 centimeters. 

cysta modica Nygaard (1956: pl. VIII fig. 33-36) 
probably the cyst of the ubiquitous Ochromonas gran- 
ularis Doflein and some specimens (11—229 centimeters, 
m, mostly 212-229) were specifically recorded as the 
latter; 11—248 centimeters, cc, mostly below 162 centi- 
meters. 

cysta subbavarica Nygaard (1956, pl. VIII fig. 10) ; 
11-248 centimeters, c, mostly 162, 167, and 212-227. 

Ochromonas scintillans Conrad  (Huber-Pestalozzi, 
1941, abb. 218e) ; 26-248 centimeters, m, mostly 162, 
167, and 212-227 centimeters. 

O. reptans Conrad (Huber-Pestalozzi, 1941, abb. 240 
g); 88-248 centimeters, rrr, four scattered specimens. 


O. vasocystis Doflein (Huber-Pestalozzi, 1941, abb. 
227) ; 197 centimeters, rrr. 

cysta cingens Nygaard (1956, pl. VIII fig. 3-5); 
108-248 centimeters, c, mostly 202-248 centimeters; 
identification a little uncertain (see figure X-13). 

cysta uroglenoides Nygaard (1956, pl. VIII fig. 1-2); 
202—248, гг. 

In addition to these a few collared cysts were com- 
pared with Chromulina dubia Doflein (see Huber- 
Pestalozzi, 1941: p. 45), from 16-217 centimeters, m, 
mostly 212-217, with Dinobryon sociale Ehrenberg 
(78-248 centimeters, rr) and with Mallomonas lata 
Conrad (162-182 centimeters, rr), as figured by Huber- 
Pestalozzi (1941) in taf. LXIV abb. 298 and taf. XX 
abb. 119 respectively. No reliance should be placed on 
the identification but distinct taxa are doubtless in- 
volved. Certain members of group J such as cysta ob- 
conica, and Outesia robusta come very close to the cysts 
of this subgroup. 

In the deeper sediments of Gribsg, Мураага found 
cysta minima and cysta modica, both of which are com- 
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mon in the Monterosi sediments, to be the second and 
third commonest forms after cysta microspinosa. These 
very common forms, in so far as they represent discrete 
taxa, are no doubt the cysts of ubiquitous species of 
Ochromonas or Mallomonas. 


GROUP B. PUNCTATE SPHERICAL CYSTS 


cysta conimamma Nygaard (1956: pl. VIII fig. 15, 
16) 46-248 centimeters, c, mostly 108, 202-212, 234-244 
centimeters (fig. Х-18). 

cysta foraminifera Nygaard (1956: pl. VIII fig. 28) 
6-248 centimeters, r, mostly 234 centimeters. 

cysta punctata Nygaard (1956: pl. VIII fig. 23). 
Perhaps Chrysosphaerella longispina Lauterborn, though 
probably a little smaller (104) than the latter 
(11-15 м). The cysts were roughly separated into the 
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two categories, cysta punctata 26—248 centimeters, m, 
mostly 197—200 and Chrysosphaerella longispina 26-248 
centimeters, c, mainly 162, 167, 212, 217 centimeters; 

Mallomonas caudata Iwanoff ( Huber-Pestalozzi, 1941, 
taf. XXIII abb. 137e) ; a single cyst, 177 centimeters. 


GROUP C. GRANULATE SPHERICAL CYSTS 


Nygaard’s six taxa, along with a few others that can 
be tentatively identified with existing species, occur 
but, unlike some species in both the preceding groups, 
none 15 very common. 

cysta subgranulosa Nygaard (1956: pl. VIII fig. 22) 
63—248 centimeters, c, mostly 248 centimeters. 

cysta granulosa Nygaard (1956: pl. VIII fig. 19. 
20) 128-248 centimeters, m, mostly 229 and 248 centi- 
meters. 





Fic. X-23-26. Different aspects of the specimen of cysta astroidca. 

Fic. X-23. Focus at level of spines at the cyst surface; note obscuring of other details; magni- 
fication 3,000 x. 

Fic. X-24. Focus at pore level, note lack of surface detail; magnification 2,000 х. 


Fic. X-25. 


Stylized drawing, courtesy of William Vars; magnification 2,000 X. 


Fic. X-26. View of specimen at lower magnification, with microscope focused on spines on outer 
surface, note increase of clarity with magnification decrease; magnification 1,000 x. 


Abbreviations : 


р = роге; с = collar; и = neck; s= spine; Л = hook; ар = aliform 
projection; g f = geometric fields; r = ridges. 
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Fic 
Ете 
Fic 
Fic 
Fic 


X-30 X- 31 
. X-27. Carnegia coronata (Conrad 1940). Dimensions: 10-20 и. Note surface protuberances and cerci. 
. X-28. Carnegia pantocseki (Conrad 1940). Dimensions: 15 X 12-13 и. Note “тапагаКе-НКе” shape. 
. Х-29. Carnegia complexa (Conrad 1940). Dimensions: 9-14 X 9-12 и. Note collar, neck and unique pore projection. 
. X-30. Carnegia sp. (Conrad 1940. Dimensions: 14-15 X 10-11 и (penultimate species on р. 129). 
. Х-31. Carnegia sp. (Dinobryon cylindricum ?). Dimensions: 11-14 и (final species on p. 129). 
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cysta capax Nygaard (1956: pl. IX fig. 3) 182-204 
centimeters, rrr. 

cysta bigemina Nygaard (1956: pl. IX fig. 1, 2) 
83—248, rr, scattered throughout range. 

cysta geometrica Nygaard (1956: pl. VIII fig. 14) 
11—222, rr, scattered throughout range. 

Mallomonas radiata Conrad (Huber-Pestalozzi, 1941 : 
pl. XXXI fig. 169b) 221—229 centimeters, rrr. 

Mallomonas tonsurata Teiling; a single cyst (202 
centimeters) comparable with M. tonsurata var. alpina 
(Pascher and Ruttner) Krieger. 

Chromulina spectabilis Scherfel (Huber-Pestalozzi, 
1941: p. 42) 177-182 centimeters, rrr. 


GROUP D. SPHERICAL CYSTS WITH 
MEDIUM OR LONG SPINES (1 и) 


cysta longispinosa Nygaard (1956: pl. IX fig. 6), 
a few cysts (128-234 centimeters, rr) were considered 


LAGO DI MONTEROSI 


[TRANS. AMER. PHIL. SOC. 


comparable to Nygaard's figure, many more (1-244 
centimeters, m, mostly 192-197 centimeters) resembled 
Conrad’s figure (Huber-Pestalozzi 1941: pl. XII fig. 
79) of the test of Chrysococcus radians Conrad, which 
is however a brackish water species. Two taxa may 
well be involved but their identities are clearly not 
certain. 

cysta macrospinosa Nygaard (1956: pl. [Х fig. 16-17) 
177-234 centimeters, rr, mostly 234 centimeters. 

cysta paucispinosa Nygaard (1956: pl. IX fig. 25, 
26) 98-182 centimeters, rr; possibly Chrysastrella sp. 

cysta subastroidea Nygaard (1956: pl. IX fig. 7-10) 
21-248 centimeters, с, mostly 192-197 centimeters (fig. 
X-8). 

cysta astroidea Nygaard (1956: pl. XI fig. 36) 
162-248 centimeters, m, mostly 187 centimeters (fig. 
X—23, 24, 25, 26). 

Ochromonas stellaris  Doflein (Huber-Pestalozzi, 
1941: pl. XXXVIII fig. 2181) 93-148, r. 


3p 





Fic. Х-32. Clericia species A. (Conrad 1938). 
in pore area. 


Fic. X-33. Clericia species В. (Conrad 1938). 


Fic. X—34. Clericia species C. (Conrad 1938). Dimensions: 6-15 и in diameter. 


pore region. 


Note "tiara"-like cerci surrounding pore. 


X-38 


Dimensions: 4.5-7.5 и in diameter. 


Note "pillar"-like projections 


(Outesia robusta ?). 
Note numerous thin projections in 


Clericia species D. Dimensions: 6-13.5 и. Note series of ridges forming discontinuous ring around 


Dimensions: 6.3-11 и in diameter. 


Note position of two pores. 


Fic. X—35. 
pore. 
Fic. Х-36. cysta scripta (Clericia circulifera Conrad 1940). 
Fic. X-37. Clericia striata (Conrad 1940). Note ridges. 
Fic. Х-38.“ cysta biporus. Dimensions: 8 X би. 
Fic. Х-39. Clericia species E. Dimensions: 12-18 y. 


Note multiple pores, each with neck. 
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Ochromonas fragilis Doflein (Huber-Pestalozzi, 
1941: taf. XXXIX abb. 223) a single cyst. 


GROUP E. SPHERICAL CYSTS WITH 
SHORT SPINES (« 1 y) 


cysta collaris Nygaard (1956: pl. IX fig. 37) 217-248 
centimeters, rr, mostly 234 centimeters. 

cysta manullosa Nygaard (1956: pl. XI fig. 39) 
167—207, rrr. 

cysta infundibularis Nygaard (1956: pl. IX fig. 
31-33) ; perhaps Ochromonas pinquis Conrad 128-248 
centimeters, rr. 

cysta spinulosa Nygaard (1956: pl. IX fig. 34) 
single cysts at 73 centimeters and 248 centimeters. 

cysta crassicollis Nygaard (1956: pl. IX fig. 11-17), 
167—248 centimeters, r. 

cysta mixta Nygaard (1956: pl. IX fig. 4, 5); 
202-244 centimeters, c, mostly 202-239 centimeters. 

cysta microspora Nygaard (1956: pl. IX fig. 18-23); 
46—248 centimeters, m, mostly 113 and 239 centimeters. 

cysta echinata Nygaard (1956: pl. IX fig. 27) 
138-248 centimeters, m, mostly 197, 227, 234 and 239 
centimeters. 

Chromulina fusiformis Conrad  (Huber-Pestalozzi, 
1941 : pl. IV fig. 37) 1 cyst 197 centimeters. 

Chrysostomaceae cf. Conrad (19386, fig. 16). А 
spherical form with a long tubular collar and some 
posterior spines; these, however, vary greatly, being 
obsolete in some and well marked in other cysts, owing 
no doubt to maturity and secondary silification 73-244 
centimeters, rr, mostly 177-182 centimeters and 
202-244 centimeters. 


GROUP F. SPHERICAL CYSTS WITH 
GEOMETRICAL PATTERNS FORMED 
BY CONNECTING RIDGES 


cysta carinifera Nygaard (1956: pl. XI fig. 11-13) 
51-244 centimeters, rr. 

cysta areolata Nygaard (1956: pl. IX fig. 30) 234—244 
centimeters, rrr. 

cysta tabulata Nygaard (1956: pl. IX fig. 24) 167-248 
centimeters, rr (fig. X-16). 

cysta polyhedra Nygaard (1956, pl. IX fig. 28, 29) 
167-248, rr (fig. X-17). 

cf. Ochromonas flavicans (Ehrenberg) Bütschli (see 
Huber-Pestalozzi, 1941: p. 40), rrr. 


GROUP G. SPHERICAL CYSTS WITH 
PATTERNS FORMED BY NON- 
CONNECTING AND USUALLY 

IRREGULARLY DISPOSED 
RIDGES 


cysta carinalis Nygaard (1956: pl. XI fig. 35); 
187—244 centimeters, rr. 

cysta hieroglyphica Nygaard (1956: pl. XI fig. 34) ; 
single cysts at 222 and 234 centimeters. 
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cysta micromeles Nygaard (1956: pl. XI fig. 14, 15) 
2 cysts, 202 centimeters. 

cysta vermicularis Nygaard (1956: pl. XI fig. 1-9) 
probably not a single taxon, 103-248 centimeters, m, 
mostly 197 and 234 centimeters (fig. X-15). 

Clericia circulifera Conrad (1940: pl. 1 fig. B), not 
unlike cysta scripta Nygaard (1956: pl. XI fig. 10) 
but more regular ; 88-244 centimeters, rr, (fig. X—36). 

Chromulina echinocystis Conrad (Huber-Pestalozzi, 
1941, abb. 32f-h), a curious and characteristic form; 
162-248 centimeters, rr. 

cf. С. mucicola Lauterborn, described (Huber-Pesta- 
lozzi, 1941, p. 40) as having a large spherical cyst 
13-15 и in diameter with spiral ridges and collar. Pos- 
sibly five cysts 187-197 centimeters. 


GROUP J. OVATE OR ELLIPSOIDAL CYSTS 


1. Smooth Forms 


cysta brevis Nygaard (1956: pl. XI fig. 32-33) com- 
parable to, but not identical with, Ochromonas hannos 
Skuja according to Nygaard; 73-248 centimeters, m, 
mostly 167, 207, 239 and 248 centimeters. 

cysta ellipsoidea Nygaard (1956: pl. XI fig. 32, 33); 
21—248 centimeters, m, mostly 229, 234 and 248 centi- 
meters. 

cysta ellipsoides Nygaard (1956: pl. XI fig. 28): 
21-24 centimeters, c, mostly 113, 118 and 229 centi- 
meters. 

cysta obconica Nygaard (1956: pl. XII fig. 41) pos- 
sibly Chromulina hokeana Pascher according to Nygaard 
and hardly separable from group A; 167-192 centi- 
meters, rrr. 

cysta obovata Nygaard (1956: pl. XII fig. 44), prob- 
ably Chrysoxys major Skuja (1948: pl. XXX fig. 
14-17) according to Nygaard, 169 centimeters, rrr, with 
forms perhaps nearer Skuja’s figure at 172-177 centi- 
meters, rrr. 

cysta oviformis Nygaard (1956: pl. XII fig. 5) com- 
pared by Nygaard to Mallomonas elliptica Conrad; 1 
cyst at 177 centimeters. 

cysta subsphaerica Nygaard (1956: pl. XII fig. 37), 
hardly separable from Group А; 41-234 centimeters, 
r, mostly 167 centimeters (fig. X-11). 

cysta teres Nygaard (1956: pl. XII fig. 17-26) ; 
Nygaard's figures indicate much variability; 16-248 
centimeters, c, mostly 167, 197—202, 248 centimeters. 

Mallomonas tesselata Nygaard (Nygaard, 1956: pl. 
X fig. 9) 1 cyst 172 centimeters. 

M. allorget Conrad (Nygaard, 1956, pl. X fig. 8) 1 
cyst 197 centimeters. 

M. majorensis Skuja (Huber-Pestalozzi, 1941: pl. 
XVIII fig. 111В, c) 16-248 centimeters, m, mostly 
192-202 centimeters. 

M. akrokomos Ruttner (Huber-Pestalozzi, 1941: pl. 
XVII fig. 109b) ; doubtful identification, 21—248 centi- 
meters, m, mostly 113, 172, 227 centimeters. 


138 LAGO DI MONTEROSI [TRANS. AMER. PHIL. SOC. 
M. lychenensis Conrad (Huber-Pestalozzi, 1941: pl. cf. Outesia torquata Frenguelli (see Conrad, 1940) 


XVIII fig. 111 A, d.) 113 centimeters, rrr. | 11-229 centimeters, rr. 

Mallomonas tenuis Conrad (Huber-Pestalozzi, 1941, O. robusta Conrad (1940: pl. II fig. C) 113-202 
abb. 113A) 187-239 centimeters, rrr. centimeters, rrr. 

Chrysostomum volvocinopsis var. compressa (Fren- Four very elongate objects comparable to cell walls 
guelli) Frenguelli (Conrad, 1940: p. 5); 162-167 and of Dinobryon stokesii Lemmermann, would fall in this 
239 centimeters, rrr. group; 113-207 centimeters. 
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X- 42 

Fic. X-40. Problematicum 1. Note unique elaborate shape. Dimensions: 6 X 18 X 5 — 13 и. 

Fic. X-41. Problematicum 2. Note curvilinear symmetrical surface configurations. Dimensions: 33.6 X 18 X 24 y. 

Fic. X 42. Chrysococcus cf. bisetus, but with four spines; a silicious test. 

Fic. X-43. Problematicum 3. Dimensions: 13 y. 

Fic. X-44. Problematicum 4. Note granular surface with prominent collar. Dimensions: 10-18 и, collar height 1.5-4.5 и, width 


3-9 u. 
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4. Ornamented Forms 


cysta scrobiculata Nygaard (1956: pl. XII fig. 40) 
1 cyst 244 centimeters. 

cysta grandis Nygaard (1956: pl. XII fig. 42) 3 
cysts, 182-212 centimeters. 

cysta sacculiformis Nygaard (1956: pl. XII fig. 43) ; 
3 cysts 172-217 centimeters. 

cysta echinospora Nygaard (1956: pl. XII fig. 14) ; 
3 cysts 187-229 centimeters. 

Carnegia willingtoniensis Conrad (Nygaard, 1956: 
pl. XI fig. 24-26) ; the reason for the generic assignment 
is not obvious; 162-222 centimeters, rr. 

Outesia  yberiensis Frenguelli (Conrad, 
162—248 centimeters, rrr. 


1940) 


ш. With Large Hook-like Projection Near Pore 
(Uroglena, Carnegia ) 


Uroglena cf. soniaca Conrad (Nygaard, 1956: pl. 
XII fig. 9-11). Comparable to those described and 
figured by Nygaard; Conrad’s specimens seem to have 
been larger. Immature cysts (fig. X-14) lack spines 
and the secondary silicification of the cyst wall. Im- 
mature 68-248 centimeters, m, mostly 192 centimeters ; 
mature 177—249 centimeters, г, mostly 197 centimeters. 

Carnegtia cf. operculata Frenguelli as figured by Con- 
rad (1940 pl. I fig. Е) and Carn. ct. frenguellu Clerici. 
Conrad's figure indicates a cyst like an immature stage 
of that of Uroglena soniaca, but without a collar. Cysts 
of this sort are referred to C. operculata 1n the present 
work (83-248 centimeters, m, mostly 192, 197 centi- 
meters), though some were smaller and some more 
collared than those observed by Conrad (fig. X-21). 
А supposedly immature cyst figured by Nygaard (1956: 
pl. XII fig. 11) as U. зотаса? may belong here, though 
the pore 15 more evident in Conrad's photograph. Carn. 
frenguellu Clerici (tentatively recorded from 16, 68—248 
centimeters, m, mostly 157—248 centimeters) is even 
closer to some stages of the cyst of Uroglena ѕотаса, 
though the two organisms, if the reference of Carnegia 
to the problematic Chrysostomaceae is correct, belong 
at least to different families. 

Carn. armata var. uncinata  Frenguelli 
1940: pl. I fig. E) ; 187-239 centimeters, rrr. 

Carn. complexa Conrad (1940: pl. I fig. I) ; 21-239 
centimeters, rr (fig. X-9, X-29). 

Carn. coronata Conrad (1940: pl. I fig. A) ; 68-248 
centimeters, rrr (fig. X-27). 

Carn. cristata var. ornatissima Conrad (1940: pl. I 
fig. C) ; 93-246 centimeters, г; some specimens smaller 
(9 X7 p) than those of Conrad. 

Carn. pantocsekt Frenguelli (s. lat., cf. var. undulata 
Frenguelli); apparently within the range of the species 
recorded (sub Trachelomonas) by Frenguelli (1933: 
pl. III fig. 25-28) from the Pliocene of Argentina, and 
near the taxon compared with this by Conrad (1940: 
pl. II fig. B.) from the late Pleistocene of Willington, 
Connecticut (fig. X-22, X-28). 


( Conrad, 
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PRESENCE OF PYRITE IN CORE 


NO. OBSERVED 


—— BLACK PYRITE 
SPHERULES 


-—- BROWN SPHERES 





О 
| СМ. 46 98 
Fic. X-45. 


202 


Distribution of pyrite spherules and their 
supposed oxidation product. 


Carnegia sp. A very remarkable form with large 
granulations on the ovoid test, a ring of recurved spines 
around the pore and a large recurved hook beyond the 
latter; 14-15 X 10-114 5 cysts 172-248 centimeters 
(fig. X-30). 

Carnegia sp. An ovoid slightly spined cyst with a 
peculiar double looking hook or possibly a curved collar 
167-222 centimeters, rr (figs. X-12, Х-20). 


iv. Cysts comparable to Clericia sensu Conrad 


Clericia sp. A. Spherical, diameter 4.5-7.5 и with 
three or four thick pillarlike projections in the pore 
area. Comparable to Conrad (1938: fig. 17), but with 
relatively longer projections. This taxon and the next 
two may all also be compared with the various forms 
of Clericia cristata Frenguelli, figured (sub Trachelo- 
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monas) in Frengueli (1933, pl. I figs. 35-44). Re- 
corded 83-248 centimeters, m, (fig. X—32). 

Clericia sp. B. Spherical, diameter 6-15 » with up to 
9 thin projections, expanding apically and giving a 
tiara-like appearance; comparable to Conrad (1938: 
fig. 2) but the projections again are relatively longer 
than in the published figure. Recorded 103-234 сепи- 
meters, m, mostly 197—207 centimeters (fig. X-33). 

Clericia sp. C. Spherical, 6-15 и with numerous thin 
projections in the pore region; 73-248 centimeters, г, 
mostly 162 to 248 centimeters (fig. X—34). 

Clericia sp. D. Spherical 6-13.5 » in diameter pore 
0.75—2.5 и, surrounded by a series of ridges forming 
a discontinuous ring 4.5-6 in diameter; 162-248 
centimeters, г (fig. Х-35). 

Clericia ansulata Conrad (1940: pl. II fig. D) 
182-197 centimeters, rrr. 

Cl. cf. globularis Frenguelli as figured by Conrad 
(1940: pl. II fig. F) 128-244 centimeters, rr. 

Cl. cf. granulosa Frenguelli (Conrad, 1940) but ap- 
parently larger (13-18,); 58-234 centimeters, с, 
mostly 177, 182 and 207 centimeters. 

Cl. pulcherrima Conrad (1940: pl. II fig. A) 162-248 
centimeters, rr, and a smaller variety (9-13 и) from 
93-248 centimeters, m, mostly 244-248 centimeters 
(graphed together ). 

Cl. striata Conrad (1940: pl. I fig. H); 177, 197 
centimeters, rrr (fig. X-37). 


GROUP K. CYSTS NOT SPHERICAL, OVOID 
OR ELLIPTICAL 


cysta compressa Nygaard (1956: pl. XII fig. 34-36); 
63-248 centimeters, г, mainly 197-212 centimeters. 

cysta cupularis Nygaard (1956: pl. XII fig. 38-39) 
2 cysts at 118 centimeters. 

cysta cucullata Nygaard (1956: pl. XII fig. 2-4); 
212—222 centimeters, rrr. 

cysta depressa Nygaard (1956: pl. XII fig. 12, 13); 
single cysts at 143 and 217 centimeters. 

cysta microcarpa Nygaard (1956: pl. XII fig. 29-33). 
| cyst at 234 centimeters. 


GROUP L. CYSTS OR TESTS WITH TWO 
OR MORE PORES 


сі. Chrysococcus minutus (Fritsch) Nygaard 
(Huber-Pestalozzi, 1941: pl. XI fig. 72); this name 
is used for smooth spherical structures with two polar 
pores; 36-244 centimeters, m, mostly 192, 197 centi- 
meters. 

cf. Chrysococcus cystophorus Skuja (1948: pl. XXIX 
fig. 15-19) a larger punctate subspherical structure 
with two polar pores; 123-244 centimeters, m, mostly 
192 centimeters. 

cysta biporus Leventhal, new provisional name, el- 
liptical with two pores 8 X бы, 3 cysts 157 centimeters, 
167 centimeters and 182 centimeters (fig. Х-38). 
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Clericia sp. E. Spherical 12-18 u diameter with three 
or more collared pores, pore 2—4 џ, collar 1-Zy, 
138-207 centimeters, rr, mostly 138, 143, 182 centi- 
meters (figs. X-10, X-39). 

Clericia sp. Е. Spherical 6-10 и diameter with 8 to 
10 pores; 103-234 centimeters, rr, mostly 118, 128 
centimeters. 


GROUP M. SILICEOUS TESTS 


Apart from the two biporous taxa compared with 
species of Chrysococcus in the previous group, struc- 
tures comparable to three other representatives of that 
genus perhaps occur. 

Chrysococcus klebsianus Pascher; three specimens 
of this characteristically areolate (Huber-Pestalozzi, 
1941, abb. 74) test occurred at 202 centimeters. 

Ch. cordiformis Naumann (Huber-Pestalozzi, 1941, 
abb. 80) ; a single example at 83 centimeters. 

Ch. cf. bisetus (Schiller) Conrad; a single specimen 
from 197 centimeters (fig. X-18) appears to differ 
from this species (Huber-Pestalozzi, 1941, abb. 76) 
in having four rather than two long posterior spines 


(fig. X-42). 


GROUP N. PROBLEMATICA 


The following objects provide no hint of the nature 
of the organisms that produced them. 

1. A bizarre retort-shaped cyst, 18 X 6 X 5-13 y, 
with festoonlike ridges (fig. X-15); single specimens 
at 118 centimeters, 143 centimeters, 229 centimeters, 
244 centimeters (fig. X-40). 

2. А very large cyst, 33.6 X 18 X 24 в, with a some- 
what eccentric pore and three large figure-of-eight 
areas alternating with smaller ellipses (fig. X-17) ; 
a single specimen from 167 centimeters. This object 
may perhaps be compared with a smaller (length < 
21 р) form of roughly comparable shape, but with a 
polar pore and less regular ornamentation, figured by 
Krieger (1929, taf. I, 1) from the wet marginal bog 
of the Diebelsee, Brandenburg, Germany (fig. Х-41). 

3. А subspherical form, 10 X 12 y, with low tri- 
angular polar projections, perhaps bearing pores; a 
single specimen 83 centimeters (figs. X-19, X-43). 

4. A spherical cyst 10-18 и in diameter, with а 
uniquely high and wide collar, surface granular; 1 
specimen at 207 centimeters, 6 specimens 239-248 centi- 
meters (fig. Х-44). 


DIVERSITY AND EQUITABILITY 


The information-theoretic or Shannon-Wiener di- 
versity, approximated as Хр; loge pi, has been cal- 
culated for the assemblages at all levels. The results 
are plotted in the third panel of figure X-1. The value 
increases irregularly with depth during Cs in which 
period the chrysophycean flora is too sparse to give 
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reliable results. During C, the value 15 between 3 and 
4, rising to a maximum of about 5.3 in Вз and then 
varying between 3.9 and 5.3. The equitability Е (Lloyd 
and Ghelardi, 1964), given in the fourth panel and 
expressing how far the observed distributions diverge 
from the MacArthur "broken stick" model, appears 
to be a good measure of biological equilibrium (cf. 
Goulden, 1969). It clearly rises irregularly at the be- 
ginning of the section, and varies around unity in Bs, 
Bs, and Су. The high erratic values in Cə clearly reflect 
the inadequate number of specimens available at these 
levels. 


PYRITE BODIES 


A final point of interest 1s the presence of brown 
and black spheres ranging in size from 2 to 20 y in 
diameter. These are most abundant in the lower levels 
(fig. Х-45). The black forms appear as spherules 
within cysts or as black spheres which may give point 
reflections from individual crystal faces, producing an 
illusion of projections on the sphere. Such pyrite spheres 
have been described by Vallentyne (1963) and his 
illustrations resemble exactly the forms seen in the 
Monterosi material. Vallentyne has also shown that 
inclusion spherules can assume the same shape as the 
fossil in which they are found. The brown spheres 
presumably represent the same material after oxidation. 


INTERPRETATION OF RESULTS 


The most obvious conclusion that can be drawn from 
the data 1s that at the time of the change ш ecological 
conditions at the B3/C, boundary, the lake became 
much less suitable as a habitat for Chrysophyceae than 
it had been during the many previous millennia. This 
change, in so far as it can be interpreted at all, is 
reasonably attributed to an increase in eutrophy. It 
is to be noted that within С, there is clear evidence of 
an initial fall in the chrysophycean flora and then a 
rise to a small maximum in number of cysts and to a 
less extent іп number of taxa present at 113 centi- 
meters. This pattern of distribution appears to correlate 
with that of the diatoms, which in core 1 are almost 
absent between 157 and 148 centimeters, and then rise 
irregularly to a rich planktonic flora at 113 centimeters. 
The initial minimum just at or above the B3/C; 
boundary corresponds to a marked increase in blue- 
green algae (cf. Goulden, see p. 102). 

Within periods A and B the rather irregular maxima 
and minima in numbers of cysts may merely reflect 
the semiquantitative nature of the technique employed. 
Diversity varies little in this region and the equitability 
approaches unity, suggesting stable assemblages of 
species. There is no obvious indication of any breaks 
in the history of the chrysophycean flora, although in 
other groups during parts of B, and В» the biota be- 
comes very scanty. 
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In general as in Gribsé (Nygaard, 1956) the smooth, 
relatively unornamented and simple cysts are the com- 
monest, and unhappily are likely always to be the least 
diagnostic. There is, however, one very interesting ob- 
servation, namely that in В», about the 192-197 centi- 
meter level, there is clearly a tendency for the occurrence 
of spinose and elaborate cysts, notably cysta radians, 
cysta subastroidea, Carnegia spp., Uroglena soniaca 
and Clericia B, along with the two-pored cysts or tests 
compared with Chrysococcus minutus and C. cysto- 
phorus. At the same time the very simple cysts become 
less common. The assemblage as a whole may perhaps 
be compared with the flora of the marginal bog as 
opposed to the lacustrine association in the Diebelsee 
figured by Krieger (1926). It 15 in these samples that 
Patrick (see p. 115) found numerous broken specimens 
of Eunotia and Pinnularia. The equivalent levels of 
core 2 did not contain these diatoms, and it seems 
likely that during this part of Bə the lake level was at 
its lowest and that the position of core 1 corresponded 
to littoral conditions. The diatoms and the possibility of 
comparison with the Diebelsee marginal association 
suggest soft water. 
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INTRODUCTION 


Through the kindness of Professor G. Evelyn Hutch- 
inson of the Department of Biology, Yale University, 
the author has recently obtained series of core samples 
of lake sediments from two Guatemalan localities (La- 
guna de Petenxil, Aguada de Santa Ana Vieja), as 
well as from Lago di Monterosi, Italy, for a detailed 
study and the interpretation of spicular remains of 
fresh-water sponges. The importance of such studies 
to stratigraphic evaluations has already been stressed 
m a short paper dealing with the Guatemalan material 
(Racek, 1966). Unfortunately, spongillid scleres in 
the sediments from Central America were inconclusive 
so far as identification 15 concerned and, consequently, 
could not be used as chemical or climatic indicators. In 
contrast, the Monterosi material is extremely informa- 
tive: it contains a rich abundance of conclusive spicular 
remains, including typical microscleres from both sponge 
tissue and gemmule armature, thus making the posi- 
tive identification of two well-known species an easy 
task. Since the ecological characteristics and the zoo- 
geographic distribution of both these species are by 
now fairly well understood, the stratigraphic sequence 
of the spicules in the Monterosi sediment can be reliably 
interpreted with regard to climate and chemical proper- 
ties of the water at the time of sedimentation. 

The author is greatly indebted to Professor Hutch- 
inson for this most interesting project, which ш addition 
has offered the welcome opportunity of carrying out 
comparative studies of recent and subfossil spicular 
components of identical species of fresh-water sponges. 


MATERIAL AND METHODS 


The material examined consisted of 57 samples of 
dry sediment, ranging in depth from 1 to 278.5 centi- 
meters, and representing one core marked М-2. In 
order to prepare the sediment for microscopic examina- 
tion, each soil sample was immersed in distilled water 
for 24 hours, then, after softening, carefully stirred with 
a glass rod and agitated with a pipette. Half of the 
contents of each sample was then used for the prepara- 
tion of untreated permanent slides, after evaporation 
of the water in an oven. The other half was treated 
with boiling concentrated nitric acid in an effort to 
eliminate calcareous and other non-siliceous material. 

The spicules present in the preparations were ex- 
amined under phase contrast, a method which enabled 
effortless and reliable counting of spicular components 
even in “thick” slides. After counting the number of 
scleres of all types in all slides of each core sample, the 


relative abundance and stratigraphic distribution of each 
sclere type were determined, and the data obtained for 
megascleres correlated with those of the associated 
microscleres of each species. The relative abundance 
of the two clearly distinguishable species was then 
established from the composite findings, and graphically 
indicated. 

The spicules were drawn with a Zeiss Winkel draw- 
ing apparatus, using a magnification of 40 X 12 for 
megascleres, and 40 X 20 for microscleres and gemmo- 
scleres (gemmule spicules). 


TAXONOMIC EVALUATIONS 


Spicular remains of fresh-water sponges are present 
in all but a very few samples of the Monterosi core, 
and provide most valuable criteria for a detailed tax- 
onomic study. Since a large number of microscleres, 
as well as occasional gemmoscleres, are present in most 
preparations, it is possible to identify with, certainty two 
species from their spicular components in the sediment. 
These are Spongilla lacustris (L.), a recent form widely 
distributed in the temperate northern hemisphere, in- 
cluding Italy; and the somewhat rare, or at least eva- 
sive, species Heteromeyenia stepanowi (Dybowski) 
which—to the author’s knowledge—has not yet been 
recorded from Italy as a recent, and never before as 
a subfossil species. These two species will be dealt with 
here in detail. Other spicular remains from the Monte- 
rosi series, which hitherto lacked the necessary informa- 
tion needed for reliable specific and generic determina- 
tion, will be described at the end of this section. 


Spongilla lacustris Linnaeus 


Historical Data and. Distribution: Spongilla lacustris 
is one of the first species of fresh-water sponges ever 
recorded. It is quite common and widely distributed in 
the northern hemisphere, occurs over the entire Euro- 
pean continent, as well as in Asia north of the Hima- 
layas, and has ап American distribution ranging from 
Canada to Central America. From Italy this species 
is known only since 1881 (Pavesi, 1881). 

Megascleres: The megascleres of this species from 
the Monterosi series are slender to stout amphioxes, 
completely smooth, slightly curved, and more or less 
of cylindrical shape, ie., they taper to a point rather 
abruptly (fig. XI-1). Some spindle shaped megascleres, 
gradually tapering off, are also present. Both these 
types vary from 265 to 420 и in length, with a mean 
at about 330 и, and from 8 to 23 in thickness, but 
are generally 17 to 19 р thick. 
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Fic. XI-1. Spongilla lacustris, megasclere. 
Fic. XI-2. Spongilla lacustris, free microsclere. 
Fic. ХГ 3. Spongilla lacustris, gemmosclere. 
Fic. XI-4. Heteromeyenta stepanowi, megasclere. 
Fic. XI-5. Heteromeyenia stepanowi, 2 free microscleres. 
Fic. XI-6. Нетотеуема stepanowi, 2 birotulate gemmo- 


scleres. 


Compared with megascleres of recent specimens of 
this species, morphometric differences are negligible, 
even though the larger Monterosi spicules appear to 
range beyond the usual length limit of those of recent 
forms which are rarely longer than 385 y. 

Free Microscleres: These typical flesh spicules, so 
important for a reliable identification of this species, 
are quite abundant in most of the series. They are 
generally slightly curved fusiform amphioxes, wholly 
covered with numerous fine, conical spines and measure 
from 70 to 85 и in length, and from 3 to 4 и in width 
(fig. XI-2). 

As are the megascleres from Monterosi, the sub- 
fossil microscleres are also fully comparable with those 
from recent sponges, their morphometric differences 
being negligible. 

Gemmoscleres: The genimule spicules of this species 


are by no means common in the Monterosi series, and 
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only 27 could be found in preparations of 7 non-con- 
secutive samples. They are rather strongly curved, 
occasionally only slightly curved, much stouter and 
somewhat shorter than the Нее microscleres, and 
covered with stronger spines throughout their length. 
These spines tend to become recurved near the apices 
of the scleres in a form typical for all gemmoscleres of 
this species. On the average these spicules measure 
about 45 to 63 џ in length, and from 4 to ди in width, 
including the length of the coarse spines, which tend 
to give the spicule occasionally a rather irregular out- 
line (fig. XI-3). 

The gemmoscleres are fully comparable with those 
of living sponges of this species, which also show a 
great variation in the form and armature of this type 
of scleres. 

Discussion: With the presence of all the three types 
of spicular components in most samples of this series, 
the identity of these scleres is beyond any doubt. 
Morphometric studies have also established that Spon- 
gilla lacustris has retained considerable stability in the 
structure, form, and size of the various spicular com- 
ponents throughout the centuries of its existence. 


Heteromeyenia stepanowi (Dybowski) 


Historical Data and Distribution: This species, origi- 
nally described under the generic name Dosilia Gray 
(1867), has been relegated by subsequent authors to 
a number of other genera, later to be correctly included 
in /ZTeteromeyenia. Potts (1881) by Schroder (1927). 
It has recently been fully revised and discussed by 
Реппеу and Racek (1968). 

So far as the geographic distribution of H eteromeyenia 
stepanowt 15 concerned, the few references in previous 
literature cannot be considered reliable, since this 
sponge has been described under different specific 
names, as different forms, and as different "varieties," 
all based on the supposedly differing shape and struc- 
ture of the porus tube of its gemmules, which previously 
led to their inclusion in the—now invalid—genus Carte- 
rius. The author, after studying this group in detail, 
completely agrees with Schroder (1927) that the shape 
and structure of the porus tube is not only variable in 
different sponges of this species, but also shows con- 
siderable variation. during different stages of matura- 
tion of gemmules of the same specimen. Since all 
spicular components are almost identical in all “forms” 
or "varieties" of this sponge, there is absolutely no 
reason for a separation of such slightly aberrant forms 
on the ground of differing porus tubes. Since Hetero- 
теуета bayleyi can be considered to differ from H. 
stepanowt їп its gemmule armature, the latter specific 
name (stepanowi) has therefore priority in the designa- 
tion of the particular species discussed subsequently. 

Heteromeyenia stepanowi has been described in its 
various forms from the following localities : 
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Роза stepanowt, Dybowski, 1884, and 1884a, Lake 
Welikoje, U.S.S.R.; 

Dosilia stepbanowi, Dybowski, 18845, pond of Daniec 
river system, near Charkow, U.S.S.R.; 

Ephydatia bohemica, Petr, 1886, pond near Kvasetice 
in the Bohemian-Moravian dividing range, Czecho- 
slovakia ; 

Carterius stepbanowi, Petr, 1886, pond near Némecky 
Brod in the Bohemian-Moravian dividing range, 
Czechoslovakia ; 

Меуета hungarica, 
seredne, Hungary ; 

Carterius stepanowi, Wierzejski, 1892, small pond 
near Lubien, eastern Galicia, now U.S.S.R.; 

Carterius stepanowi, Lauterborn, 1902, fish pond near 
Mehlingen, Germany ; 

Carterius stepanowt, Zacharias, 1903, lake near Plon, 
Germany ; 

Heteromeyenia kawamurae, Annandale апа Kawa- 
mura, 1916, Lake Biwa, Japan; 

’Cartertus primitivus, Swartschewky, 
Baikal, U.S.S.R.; 

Carterius stepanowi, Schroder, 1926, pond in Silesia, 
now Poland; 

Heteromeyenia stepanowi, Racek (1969), pond in 
eastern Australia. 


Traxler, 1888, pond near 


1923, Lake 


Megascleres: The megascleres of this species, present 
in the Monterosi core M-2, show the typical chacter- 
istics of all skeleton spicules of this particular group of 
sponges, previously referred to as Carterius. They are 
moderately stout and conspicuously fusiform amphioxes 
of rather elongated appearance, which taper off to their 
sharply pointed tips quite gradually. As a rule they are 
only slightly curved, and some almost straight ones are 
not uncommon. Their surface is rarely completely 
smooth, but usually sparsely covered with small, conical 
spines which are easily overlooked under low magnifi- 
cation. These spines do not cover the entire surface of 
the scleres; the region near their tips 15 always com- 
pletely smooth. The megascleres vary considerably in 
length from 204 to 370 p, and accordingly in width from 
б to 134; this peculiar length-width proportion makes 
the scleres appear longer than they actually are (fg. 
XI-4). 

Morphometrically, the megascleres from the Monte- 
rosi samples are fully and directly comparable with 
those of recent specimens of this species, and even struc- 
turally they show no appreciable differences. 

Free Microscleres: The rather abundant flesh spicules 
of this sponge in some samples of the Monterosi core 
are also directly comparable with those of recently oc- 
curring sponges of this species. They are frail and thin, 
more or less curved amphioxes armed with thin, long 
spines, which are longest near the center of the scleres 
and shortest near their apices. Seen under high power, 
these spines— particularly near the center— give rise to 
secondary, branching small spines or are merely covered 
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with small granulations, so that the larger spines appear 
occasionally somewhat rough. The more proximal 
smaller spines of these spicules are often set at an 
angle so that they give the impression of being re- 
curved. The length of the microscleres is also subject 
to variation and ranges from 45 to 75 m, their width 
accordingly from 2 to 3 y at their center, not including 
the perpendicular spines which are there up to 8 u long 
(fig. XI-5). 

Gemmoscleres: Since the free microscleres of the 
sediment can be considered typical only in generic but 
not in specific sense, it would have been impossible to 
identify these spicular remains of the sediment specifi- 
cally, if gemmoscleres had been found absent. Although 
birotulates of this sponge are much rarer in the samples 
than either megascleres or free microscleres, they could 
be located in a few samples. They are rather stout 
amphidiscs of similar appearance but of two distinct 
lengths. Their shaft is slightly biconcave in lateral 
view, increasing in width slightly towards the rotules. 
As a rule it bears a small number of rather large conical 
spines, arranged perpendicularly mainly near the center. 
Both rotules, identical in width and appearance, are 
slightly convex and umbonate, 1.е., their outer margin 
flexes still further inward. The discs are almost regu- 
larly incised so that triangular, slightly inward curving, 
teeth can be seen under high power. The birotulates 
differ, as already mentioned, only in length, their 
shafts and rotules being of almost identical dimensions. 
Amphidiscs of the longer class measure from 72 to 
80 ш in length, of the smaller from 40 to 45 и. The 
width of the shaft at the center is approximately 5 y, 
ranging from 4 to би; the average width of the rotules 
is almost constantly 17 и (fig. XI-6). 

The birotulates of this species from the Monterosi 
series are typical and show no appreciable differences— 
either in structure or in measurements—írom those of 
recent specimens from widely separated localities. 

Discussion: With the presence of all three types of 
spicular components in the sediment, the identity of 
these scleres 1s beyond any doubt. Apart from the par- 
ticular structure of the birotulates, the abundance of 
the free microscleres in some samples is another char- 
acteristic feature of this species. Нееготеуета stepa- 
nowt, now also recorded from Italy, and for the first 
time—to the author's knowledge—from subfossil re- 
mains, appears to share the same consistency in struc- 
ture, size, and form of the various spicular components 
throughout the centuries of its existence with many 
other spongillid species. 





Spicules of Other Sponges 


The sediment samples from the Monterosi core con- 
tain a number of spongillid spicules not clearly identifi- 
able, even though it is possible to distinguish them 
readily from the spicular components just described. 
In spite of a thorough examination of the sediment only 
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Fic. XI-7. ?Spongilla fragilis, megasclere. 
Fic. XI-8. ?Spongilla fragilis, gemmosclere. 
Fic. XI-9. ?Trochospongilla horrida, megasclere. 


Fic. XI-10. Ephydatia fluviatilis, birotulate gemmosclere. 


a very few microscleres could be found, the presence of 
which perhaps allows some conclusions as to their 
association with some of the present megascleres, but 
nevertheless does not represent convincing evidence. 
Such conclusions are possible for the following scleres: 

a) Smooth Megascleres and Spiny Gemmoscleres: 
In some samples of the lower range, and apparently oc- 
curring together with spicules of Heteromeyenia stepa- 
nowi, a considerable number of completely smooth 
megascleres could be found, which differ considerably 
in shape and morphometry from the similarly smooth 
skeleton spicules of Spongilla lacustris. They are rather 
stout, conspicuously fusiform, sharply pointed, and only 
slightly curved amphioxes, ranging in length from 200 to 
310 р, and in width from 18 to 23 р (fig. XI-7). Mega- 
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scleres of such shape and measurements could, theo- 
retically, belong to a number of spongillid genera. How- 
ever, their morphometric features show close affinities 
to those of megascleres of Spongilla fragilis Leidy, and 
it can be reasonably assumed that this species has also 
inhabited Lake Monterosi during the time of the sedi- 
mentation. This assumption appears even more justified 
by the presence, in similar strata, of gemmoscleres which 
are very much like those of the species just mentioned. 
These gemmoscleres range in length from 80 to 95 y, 
and in width from 5 to би, are slightly curved and 
covered with triangular spines (fig. XI-8). There is 
a remote possibility, however, that these gemmoscleres 
represent atypical gemmule spicules of Spongila la- 
custris, which 15 known to show great variability in the 
shape and curvature of its gemmule armature. Although 
it is most probable that the two types of spicular re- 
mains belong together, a conclusive identification ге- 
mains impossible. 

b) Strongly Spined Megascleres: These occur in 
several samples of the core in small numbers, and appear 
to be typical skeleton spicules of Trochospongilla hor- 
rida Weltner. Their range in length is 162 to 290 y, 
in width (excluding the strong spines) 15 to 21 p. 
They are densely covered with stout and sharp spines 
with the exception of a small area near their apices. 
These megascleres are fully comparable with those 
described from this species by several authors. How- 
ever, the typical birotulates of this species could not be 
found in the sediment, and the identity of these mega- 
scleres therefore cannot be completely clarified (fig. 
XI-9). 

c) Incised Birotulates: Three birotulate gemmo- 
scleres were found in the upper strata of the core, doubt- 
lessly belonging to Ephydatia fluviatilis (Linnaeus) 
Their shafts, about би in thickness, range in length 
from 33 to 38 4, and are slightly longer than the di- 
ameter of their flat and deeply incised rotules. These 
few birotulates can readily be distinguished from those 
of Неетотеуета stepanowi morphometrically and 
structurally (бе. XI-10). Skeletal remains of Ephydatia 
fluviatilis, however, could not be traced in the sediment 
unless the smooth megascleres, described under (a), 
could perhaps be considered atypical skeleton spicules 
of this species. 


Dubious Siliceous Bodies 

Throughout the preparations of this series one can 
find large cylindrical, siliceous bodies of irregular out- 
line, superficially resembling fragments of large pitted 
megascleres. Efforts to establish their identity have 
completely failed, and it is very unlikely that they could 
represent skeletal components of any fresh-water sponge 
since they lack, or at least appear to lack, an axial canal. 

Together with these commonly occurring structures, 
some slides contain similar wormlike “microscleres” 
already reported from Guatemalan sediments (Racek, 
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1966). Both Carter (1883) and Тгахег (1895) have 
recorded the occurrence of such irregular siliceous 
bodies in sediments studied by them, without having 
been able to establish their identity. In view of their 
apparently common occurrence in subfossil sediments, 
further examinations appear highly desirable in order 
to establish their origin. 


STRATIGRAPHIC EVALUATIONS 


The stratigraphic distribution and sequence of the 
spongillid scleres in the core M-2 are extremely con- 
clusive and can be graphically utilized (fig. XI-11). 
With a view to a clearer demonstration of the occur- 
rence and abundance in the various strata, the data 
obtained are here discussed for each sponge species 
separately. 

Spongilla lacustris: 'Traces of spicules of this species 
are present, with only slight fluctuations, in nearly all 
samples of the depth range 1 to 126 centimeters. Spic- 
ular components of this sponge in this range comprise 
scattered megascleres (fragments to entire scleres), 
more commonly occurring free microscleres, and very 
few gemmoscleres. The complete absence of spicules in 
five samples of this range (36, 71, 76, 81, and 111 centi- 
meters) can perhaps be explained by their apparently 
insufficient preparation. Apart from the occasional oc- 
currence of megascleres of ?Trochospongilla horrida, 
spicular components of Spongilla lacustris completely 
dominate these upper strata, although their occurrence 
is comparatively rare. The abundance of all spicular 
components of this sponge increases rapidly in the 
sequence of samples from 131 to 215 centimeters, and 
shows a maximum at 190 centimeters. All spicules 
again become rare from 243.5 to 258.5 centimeters, and 
the last four samples (263.5 to 278.5) are completely 
devoid of them. Gemmoscleres of this sponge are always 
conspicuously rare in all samples, and have only been 
found at 40, 66, 116, 155, 165, 190, and 205 centimeters. 

Heteromeyenia stepanowt: Spicules of this sponge 
appear for the first time at 131 centimeters, represented 
by free microscleres. These dermals become rapidly 
very abundant in subsequent samples, and from 141 
centimeters downward the typical megascleres also 
occur in increasing abundance. Both megascleres and 
microscleres of this sponge are most common at 185 
centimeters, but from there on their abundance de- 
creases quite rapidly ; from 210 to 240 centimeters these 
spicules become quite rare, and none of them are present 
in the strata below 243.5 centimeters. Birotulate gem- 
moscleres of this sponge, so helpful for specific identifi- 
cation, can also be considered rare throughout the 
range of their occurrence, as were those of Spongilla 
lacustris. However, they seem to be restricted to a 
few consecutive samples from the vicinity of 160 centi- 
meters, and were not found scattered in many non- 
consecutive samples as those of the other species. 
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Fic. XI-11. Occurrence and stratigraphic sequence of sponge 
spicules in core 2. Full line S. lacustris, broken line H. 
stepanown. 


?Trochospongilla horrida: As already mentioned in 
the taxonomic section of this report, birotulates of this 
species appear absent in the series, and only strongly 
spined megascleres could be found. These occur chiefly 
in the upper strata of the core, apart from one occasion 
(150 centimeters) outside the range of Heteromeyenta 
stepanowi. Their stratigraphic distribution is much too 
scattered to allow graphical interpretation. 

?Spongilla fragilis: Spicular components of this not 
quite reliably identified species appear associated with 
those of Н еЁеготеуета stepanowi, i.e. they were found 
absent in all strata higher than 136 centimeters. Since 
they usually do not occur in consecutive samples, no 
attempt 15 made to show their sequence graphically. 

Evaluating the stratigraphic sequence of the various 
sponge spicules in the Monterosi series, it can readily 
be demonstrated that Spongilla lacustris and Hetero- 
теуета stepanowi have occurred, side by side, during 
an earlier phase of the sedimentary history of the lake, 
during which physical and chemical conditions must 
have been the most optimal for their growth and re- 
production. Both these sponges show an almost identical 
rise and fall in abundance, with a maximum at a period 
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corresponding to the sedimentation of samples 185 and 
190 centimeters. From the examination of the sediment, 
however, it appears that Heteromeyemia stepanowi has 
been present in the lake during that period only, whereas 
Spongilla lacustris—although much less abundant— 
seems to have survived in Lago di Monterosi until 
recent times, where it most probably still exists. From 
the scattered occurrence of ?Spongilla fragilis її сап 
be assumed that this sponge has been closely associated 
with Heteromeyenia stepanowi, whereas the few spic- 
ules of ?Trochospongilla horrida seem to indicate that 
this sponge has had a much later appearance in the lake. 

No attempt is made in this report to correlate the 
few СТЕ dates available to the author at the time of 
writing with the actual age of the various strata, and 
the reader 15 referred in this regard to the paper by 
Cowgill and Hutchinson (see p. 43). A rough esti- 
mation, however, would indicate that the fresh-water 
sponge fauna in Lago di Monterosi had its greatest 
abundance between 15,000 в.с. to nearly Roman times. 

In regard to the water contents of the samples from 
this series, it is most interesting to note that the great- 
est abundance of sponge spicules occurs in strata with 
the lowest percentage of Н.О. The peak abundance 
begins after the drop from 79.8 to 48.2 per cent, reaches 
its greatest extent between 32.4 and 40.5 per cent, and 
ends almost suddenly with the return to 53 per cent and 
more. The significance of this phenomenon could not 
be established. 


ECOLOGICAL CONCLUSIONS 


The ecology of the two clearly identified sponge 
species, discussed above, is by now well known from 
studies on recent forms, and it is therefore possible to 
attempt fairly reliable conclusions as to chemical and 
climatic conditions of the environment at the time of 
their occurrence in lanula. Spongilla lacustris and 
Heteromeyenia stepanowt are both typically lacustrine 
in occurrence. Although only a few pH data are avail- 
able in previous literature dealing with sponge studies, 
both these species were found by the author to prefer 
alkaline conditions. Spongilla lacustris, however, appears 
to have a far greater рН tolerance, and 1s able to endure 
even rapid fluctuations from slightly acid to highly 
alkaline values. Heteromeyenia stepanowt, on the other 
hand, is a much more stable indicator species for alka- 
line waters, and its pH tolerance seems quite restricted. 
This species has recently been discovered and studied 
in a pond in eastern Australia with a fairly constant 
pH value, ranging from neutral to about 7.8. 

The distribution of recent specimens of both sponges 
mentioned above also indicates probable climatic condi- 
tions during the period of their occurrence in lanula. 
Spongilla lacustris s.s. has not the world-wide distribu- 
tion, so often quoted in previous literature, but is re- 
stricted to cold and warm temperate regions of the 
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northern hemisphere; in the tropics this species is ap- 
parently replaced by closely related, but not synonymous 
forms. Judging from its optimal occurrence in Asia 
and Europe, Spongilla lacustris can be classed a cold 
temperate species since its distribution appears to taper 
off south of the Alps, the Caucasus, and the Himalayas. 
However, in view of its comparatively pronounced 
climatic tolerance, it may not be the best indicator 
species desired for the elucidation of climatic conditions 
during the sedimentation of Lago di Monterosi. Hetero- 
теуета stepanowi is much more useful in this regard. 
With the exception of its recent discovery in a warm 
temperate part of Australia, this species appears to be 
restricted in the present day to the co!d temperate 
region, and would have therefore found optimal climatic 
conditions in Lago di Monterosi, according to Bazzi- 
chelli's (1955) notes on its present temperature and 
thermal stratification. Taking the apparently prolific 
occurrence of this species during the period of sedi- 
mentation into consideration, the climatic conditions in 
the vicinity of Ianula cannot be expected to have 
changed considerably since about 15,000 в.с.; there is 
a possibility, however, that the climate could then have 
been slightly colder than it 1s today. 

Compared with spicular components of recent forms 
of both species, the spicular remains in the sediment of 
lanula present conclusive evidence for the abundance 
of sponge tissue originally deposited in the strata 160 
to 195 centimeters. This 1s the more surprising in the 
case of Heteromeyenia stepanowi which—in recent 
forms—rarely exceeds a few centimeters in diameter. 
The relative paucity of gemmoscleres of the two reliably 
identified species raises the question whether both 
could have led a perennial life, making prolific gemmula- 
tion unnecessary. Such a condition 15 often found in 
recent spongillids all over the world, and 1s always a 
good indication of a greater and constant depth of 
оссиггепсе. 
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XII. THE CHIRONOMIDAE 
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The following study is based on an examination of 
the chironomid head capsules found in core 2. It is 
therefore comparable with the investigation of the other 
animal fossils presented in Goulden's contribution. 


HISTORY OF THE CHIRONOMID FAUNA 


As can be seen from figure XII-2 and table XII-2, 
the initial Chironomidae fauna was primarily Chirono- 
mini. At any of the levels from 281.5 centimeters to 
258 centimeters, where the chironomid fauna drops out, 
the Chironomini are over 90 per cent of the fauna with 
the Tanytarsini and Tanypodinae barely represented. 
There is some indication, from the pollen analyses, of 
cold conditions during zone A. If this was the case, it 
was not reflected in the meager chironomid fauna found 
trom 281.5 to 265.5 centimeters. No Orthocladiinae 
were present and these form a large part of the species 
considered to be northern by Brundin (1949: рр. 
610-612). The Tanytarsini, also well represented in 
Brundin’s "Nordliche Arten," were represented by 1 
specimen (0.4 specimen per gram dry weight) at 
2/9.5-281.5 centimeters. There is evidence of moder- 
ately high organic content in the lake during zone A. 
This could favor the development of a Chironomini 
launa. Many of the genera present (fig. XII-3) seem 
to prefer some degree of organic loading. 

Toward the end of zone A the chironomid fauna 
drops out completely and does not appear again until 
past the middle of zone В at 128-130 centimeters. 
This drop appears to be correlated with a drop in or- 
ganic content of the lake as well as a drop in lake level. 
Zone B is also characterized by low sedimentation 
rates and the presence of large beds of aquatic plants 
such as Potamogeton and Nymphaea. 5 phagnum was 
present from B; to upper Bs. All these facts do not, 
however, adequately explain why the chironomid fauna 
should vanish or drop to such a low level that none 
were found during this period in core 2. It is interesting 
to note that the Cladocera and blue-green algae also fol- 
low roughly the same temporal distribution pattern 
as the chironomids. 

At the beginning of zone C the lake level rose, there 
was more runoff into the lake, the water became harder 
and the organic content rose sharply (Cowgill and 
Hutchinson, 1964). Along with this, the chironomid 
fauna reappears and rapidly reaches its maximum (fig. 
XII-1) at 118-120 centimeters. At this point the fauna 
15 predominantly Chironomini and Tanytarsini, but the 
Orthocladiinae and Tanypodinae are clearly present. 
The overall fauna present is essentially a littoral one. 


Though some of the genera present have representatives 
in the profundal zone of some lakes, all of them are 
common ш the littoral zone, in the bottom or among 
and on the vegetation (see Buckley and Sublette, 1964). 
There is no evidence that the lake was ever deeper than 
about 8-9 meters and for a great part of its history 
vegetation was present throughout the lake. 

From the peak, the fauna drops almost as rapidly as 
it rose, reaching a low point at 108-110 centimeters. 
From this point to 36-40 centimeters the fauna rises 
and falls cyclically, with almost identical peaks at 
98—100, 68-70, and 51—54 centimeters; while a correla- 
tion with sedimentation rate, if this were possible, might 
flatten the fluctuations, they may represent real cyclic 
fluctuations in the chironomid fauna. Zone C 1s char- 
acterized by a higher sedimentation rate than В. 

In relatively recent times, 11—15 centimeters, the 
fauna peaks again but at a higher level than the afore- 
mentioned highs. Unlike the other peaks, here the 
dominant element is tanytarsine rather than chirono- 
mine. Throughout zone C a chironomid fauna of vari- 
able composition was present. 


COMPARISON WITH OTHER LAKES 


Although precise species determination was impossible 
from the fragments present in the core, an estimate of 
"species" number can be made for comparison with 
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Fic. XII-1. Relative abundance of total Chironomidae fauna 
by depth in core 2. Ordinate—depth in centimeters, abscissa 
—specimens per gram dry weight of sediment. 
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present-day European lakes. This 15 shown ш the fol- 
lowing table: 


TABLE XII-1 


COMPARISON OF CHIRONOMID FAUNA OF MONTEROSI (CORE 2) 
WITH PRESENT FAUNA OF OTHER EUROPEAN LAKES. 
Data from Brundin (1949) 



































Monterosi | Мое | Southern [Winder-| yuma 

"Species" | 9 % % % % 
Tanypodinae 6 [135 150 | 180 | 92 | 18.8 
Orthocladiinae 8 18.01 43.6 23.5 24.3 | 27.8 
Chironomini 24 55.0; 24.1 35.5 42.2 | 39.6 
Tanytarsini 5 13.5 17.3 21.0 24.3 | 18.8 








Allowing for the fact that the Tanytarsini figure is 
probably low relative to the Chironomini, it 1s evident 
that Lago di Monterosi 1s comparable in its chironomid 
fauna to the more southern European lakes. Cane 
River Lake in the United States, studied by Buckley 
and Sublette (1964), which 15 a shallow lake (mean 
depth 3.4 meters), also shows a similar chironomid 
fauna. 


COMPOSITION OF THE 
CHIRONOMID FAUNA 


TANYPODINAE 


The Tanypodinae larvae were very sparse in the 
samples from core 2. This is surprising inasmuch as 
the larvae of some of the bottom-dwelling genera, such 
as Procladius and Tanypus, are usually present in 
great numbers. Sublette (1957) records T. stellatus 
(Coq.) ш population densities up to 1625 specimens 
per square meter and Procladius bellus at 590 specimens 
per square meter. Pentaneurini larvae are more widely 
distributed and have far lower population densities. 

It can only be assumed that, for reasons which are 
at present not obvious, the head capsules of the Tany- 
podinae are preserved poorly in those lake sediments 
or were not randomly distributed so as to be missed 
by core 2. Stahl (1959) recovered a larger variety 
from Myer's Lake. 

Remains were found sporadically in zones Сә, Ci, 
at least four genera being represented. In zone A 
parts were found from 265.5-278 centimeters. All these 
remains belonged to the genus Procladuts. 


Tanypus sp.—The rather distinctive hypopharyngeal lingua 
of Tanypus was found at levels 1-5 and 51-54. At 11-15 
a pupal respiratory organ was present (fig. XII-6). 

Macropelopiini sp.—The lingua, the simple superlingua. 
and paralabials (fig. XII-8) of a species which on the 
basis of Fittkau (1962) appears to fall in the genus 
Macropelopia. This was at 11-15. Another specimen 
which appears to resemble this and is tentatively assigned 
here was at 118-120. 

Procladius sp.—Large dark linguae and the multitoothed 
superlinguae characterize this genus. Remains were 
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found at levels 51-54, 98-100, 265.5-268.5, 270.5-273 and 
2/5.5-278. Only at 51-54 (fig. XII-5) were the para- 
labials also recovered. The last two records in A are 
from linguae alone and are questionable. 

Labrundinia sp.—A single hypopharyngeal lingua (fig. 
ХП-7) was found at 11-15. It probably belongs to 
Labrundinia longipalpis (Goetg.), the only species of 
this genus known to occur in Europe at the present time. 

Tanypodinae sp.—Many fragments of head capsules or 
hypopharyngeal linguae which could be placed as tany- 
podine, but could not be assigned to tribe or genus, were 
found. These were at levels 11-15, 113-115, 118-120, 
123-125. One fragment from 123-125 appeared to be an 
Ablabesmyia but was too fragmentary for certain place- 
ment. 


ORTHOCLADIINAE 


Like the Tanypodinae the remains of the Ortho- 
cladiinae larvae were relatively sparse in core 2. There 
were no remains that could be assigned to this sub- 
family below 130 centimeters. Between 113 and 120 
centimeters population levels of 10.2-15 specimens 
per gram dry weight of sediment were present (table 
XII-2, and fig. XII-2) but none of the other records 
exceeded 4.0 specimens. Except for the possible Hetero- 
trissocladius sp., all the species found are littoral forms. 
Buckley and Sublette (1964) record Cricotopus and 
Nanocladius from vegetation and the bottom to a depth 
of 0-1.0 meter. Unless we postulate that the larvae of 
Orthocladiinae are not preserved as well as those of the 
Chironominae (and there is no evidence for this), it 
is reasonable to assume that the Orthocladiinae were 
always a minor part of the chironomid fauna of Lago 
di Monterosi. Approximately five genera represented 


ma 
e? 
„ 
"lj 


C; 


JD OMNE Ss sU eB 
СОРРИ tH. E e 
СС сии EM LN ААН NI 
ТО ИИА . к 
МЛ ИТ 


... 
..... 
и ье" е see 
ЕИ ечи... Жоо es 
Nate До Сменете... ZZ Zr 
ЕЕ М ues 
mS 
"mL 





200 


Chironomini 
Tanytarsini 
Orthocladiinae 


20 60 100 20 20 


Fic. ХП-2. Relative abundance of the major subgroups of the 
Chironomidae by depth in core 2.  Ordinate—depth in 
centimeters; abscissa—specimens per gram dry weight of 
sediment. 
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TABLE XII-2 


SPECIMEN(S) AND SPECIMENS PER GRAM DRY WEIGHT (G) OF SEDIMENT FOR THE CHIRONOMIDAE 
AND THE MAJOR SUBGROUPS OF THE CHIRONOMIDAE 
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Chironomidae Chironomini 
Level-cm. 
S G S G 
С, 
1 - 5 13 19.5 4 6.0 
11 - 15 31 38.5 3 3.7 
21 - 25 6 9.2 1 1.5 
36 - 40 1 1.6 0 0 
51 - 54 14 21.4 6 9.2 
58 - 60 1 1.7 1 1.7 
С, 
68 - 70 16 22.1 13 18.0 
79 - 81 8 9.7 6 7.3 
88 - 90 1 1.4 1 1.4 
98 -100 15 21.1 13 18.3 
103 -105 3 4.4 3 4.4 
108 -110 1 1.8 0 0 
113 -115 45 92.0 16 92.4 
118 -120 83 162.7 58 113.7 
В» 
123 —125 50 66.3 44 58.3 
128 -130 14 2.2 12 1.9 
133 —135 1 0.3 0 0 
138 —140 0 0 0 0 
147 --149 0 0 0 0 
В, 
157.5-159.5 0 0 0 0 
172.5-174.5 0 0 0 0 
187.5—189.5 0 0 0 0 
В; 
202 205 0 0 0 0 
А 
232 -235 0 0 0 0 
255.5-258 0 0 0 0 
265.5—268.5 7 1.5 6 1.3 
270.5-273 3 0.7 2 0.5 
275.5—278 30 5.4 29 5.2 
279.5—281.5 16 5.9 15 5.5 



























































Tanytarsini Orthocladiinae Tanypodinae 
S G S G S G 
7 10.5 0 0 2 3.0 
24 29.8 0 0 4 5.0 
5 7.7 0 0 0 0 
0 0 0 0 0 0 
3 4.6 2 3.1 3 4.6 
0 0 0 0 0 0 
2 2.8 1 1.4 0 0 
1 1.2 1 1.2 0 0 
0 0 0 0 0 0 
1 1.4 0 0 1 1.4 
0 0 0 0 0 0 
1 1.8 0 0 0 0 
23 47.0 5 10.2 1 2.0 
15 29.4 8 15.7 2 3.9 
1 1.3 3 4.0 2 2.7 
1 0.2 1 0.2 0 0 
1 0.3 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 1 0.2 
0 0 0 0 1 0.2 
0 0 0 0 1 0.2 
1 0.4 0 0 0 0 














by about eight species were found. In most cases, with 
only the labial plate present, even generic determination 
is tentative. 


Heterotrissocladius sp.?—This species (fig. XII-10) ap- 
pears to belong to this genus though it could be a 
Trichocladius as I have used the genus (1957). Sæther 
(1967) considers that Trichocladius sp. 1 Roback may be 
a Heterotrissocladius. It was the most common ortho- 
cladiine in the core and was found at 51-54, 113-115, 
118-120 and 123-125 centimeters. 

Metriocnemus ? sp.—The forms of the labial plate and 
mandible (fig. XII-16) appear to fit Metriocnemus or 
a closely related genus in the Metriocnemini. It was 
found only at the 51—54 centimeter level. 

Cricotopus sp. 1—ТПе labial plate (fig. XII-14) with the 
3 mesal teeth projecting probably falls in this genus 
though it could also be from Aheorthocladius. It was 
found only at the 68-70 centimeter level. 


Cricotopus sp. 2—This labial plate (fig. XII-15) with the 
small 2L appressed to 1L and 3L = 11. resembles C. 
flavipes (Joh.). It was found only at the 118-120 
centimeter level. 

Rheorthocladius sp.—The labial plate (fig. XII-17) ap- 
pears to be that of a typical Rheorthocladius. It was 
found at the 128-130 centimeter level. 

The following three species appear to be closely related. 
АП have 13 toothed labial plates with the median tooth 
peaked as in some Nanocladius and related genera. From 
the labial plates (figs. XII-11-13) and the two mandibles 
found, one can separate 3 species but exact generic place- 
ment is difficult. For the present I propose to designate 
them as Orthocladiinae sp. 1-sp. 3. 

Orthocladiinae sp. 1—Labial plate (fig. XII-11) with me- 
dian, 1L and 2L lighter. From 118-120 and 123-125 
centimeter level. This was the most common of the 
three species. 

Orthocladiinae sp. 2—Labial plate (XII-12) uniformly 
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Cryptochironomus -Harnischia 


Endochironomus 
Glyptotendipes 
Lauterborniella 


Sergentia 


Fic. XII-3. Relative abundance of the genera of the Chironomini Бу depth in core 2. 
Ordinate—depth in centimeters ; abscissa—specimens per gram dry weight of sediment. 


colored, mandible with elongate apical and 2 lateral 
teeth, from 113-115 centimeter level. 

Orthocladiinae sp. 3—Labial plate (fig. XII-13) with only 
median lighter, mandible robust with apical and 3 lateral 
teeth. From 123-125 centimeter level. 

Orthocladiine fragments, probably of some of the above 3 
species were present at 79-81 and 118-120 centimeters. 


CHIRONOMINAE 
CHIRONOMINI 

Except above 36-40 centimeters the Chironomini are 
the major component of the chironomid fauna. As can 
be seen on figure XII-2, this 15 especially true at the 
130 to 110 centimeter peak of chironomid abundance. 
In figure XII-3 one can see the distribution of the 
major genera which go to make up the Chironomini 
column on figure XII-2. Below 250 centimeters the 
Chironomini fauna 1s mixed with 6 genera represented. 
Initially Glyptotendipes predominates but it rapidly 
drops off. Above 130 centimeters Polypedilum, Endo- 
chironomus-Sergentia and Glyptotendipes in that order 
dominate the fauna. Of these only Glyptotendipes con- 
tinues to constitute a major part of the fauna. The 
former two drop out leaving Glyptotendipes and Chi- 
ronomus which peaks again at 98-100 centimeters and 
generally continues into the present. Glyptotendipes is 
present at 98-100, peaks at 68-70 centimeters and drops 
out above 58 centimeters. 

Above 36-40 centimeters and especialy at 11-16 
centimeters the Tanytarsini and Tanypodinae dominate. 

Approximately 11 genera can be recognized from 
core 2. Nine of those are compared in table XII-3 and 
figure XII-3. 


Cryptochironomus sp.—Very typical labial plates of this 
genus (fig. XII-22) were found in the earliest sedi- 
ments of the lake. In the last column of figure XII-3, 
the dotted line below 250 centimeters is represented by 
only Cryptochironomus while that above 150 centimeters 
is only Harmschia. Specimens of Cryptochironomus 
were present at 275.5-278 and 279.5-281.5 centimeters. 

Harnischia sp.—Labial plates (fig. XII-21) resembling 
that of Н. amachaerus Townes were found at 3 levels 
above 150 centimeters (fig. XII-3). А+ none of these 
points were they very abundant. From 11-15, 51-54, and 
68—/0 centimeters. 

Stenochironomus sp.—One labial plate (fig. XII-23) of a 
larva of this genus was found. Nymphaea, in whose 
pads larvae of this genus often live, was common 
throughout the history of the lake. From 103-105 centi- 
meters. 

Lauterborniella sp.—Typical Lauterborniella labial plates 
(fig. ХП-20) were found in sediments above 150 centi- 
meters and below 250 centimeters. The species resembles 
L. agrayloides (Kieffer), a common European species, 
but plumose hairs at the caudo-lateral corners of the 
labial plates were not evident. Fig. XII-3 shows the dis- 
tribution of these larvae. From 128-130, 275.5-278 and 
279.5-281.5 centimeters. 

Unknown genus—a single convex labial plate (fig. XII-24) 
and mandible were found. Paralabials were present but 
their form could not be discerned. From 79-81 centi- 
meters. 

Dicrotendipes (= Limnochironomus) sp.—Labial plates. 
with the bifid first lateral (figs. XII-18, 19) and the tri-. 
angular paralabials with their crenulate outer edge were 
found at several levels. They were never very common 
(fig. XII-3). While there was probably more than one 
species present (compare fig. XII-18, 118-120 centi- 
meters with fig. XII-19, 275.5-278 centimeters), there 
is insufficient evidence to delineate these. Specimens 
were found at the 79-81, 113-115, 118-120, 123-125, 
275.5-278 and 279.5-281.5 centimeter levels. 





Xil- 4 








Fic. XII-4. Ceratopogonidae—larval mandible (1-5). 
Fic. XII-5. Procladius—lingua, superlingua and paralabials (51-54). 

Fic. XII-6. Tanypus—pupal respiratory organ and detail of apex (11-15). 
Fic. ХП-7. Labrundinia—lingua of hypopharynx (11-15). 

Fic. XII-8. Macropelopia—lingua and superlingua (11-15). 

Fic. XII-9. Macropelopia—paralabial plates (11-15). 

Fic. XII-10. Heterotrissocladius ? sp.—labial plate (113-115). 

Fic. XII-11. Orthocladiinae sp. 1—labial plate (118-120). 

Fic. XII-12. Orthocladiinae sp. 2—labile plate and mandible (113-115). 
Fic. XII-13. Orthocladiinae sp. 3—labial plate and mandible (123-125). 
Fic. XII-14. Cricotopus ? sp. 1—labial plate (68-70). 

Fic. XII-15. Cricotopus ? sp. 2—labial plate (118—120). 
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Chironomus sp.—This was the most consistently present 


genus in core 2. 


It appears in the earliest sediments 


(281 centimeters) and drops out at 265.5 centimeters. At 
128-130 it reappears and persists except for gaps at 103- 


110, 88-90, 58—60, 36-40 centimeters. 


This can be seen 


on table XII-3 or figure XII-3. The graph shows that 
while Chironomus was seldom the dominant element in 
the Chironomini fauna it was generally a major com- 


ponent. 


Figure XII-25 shows a typical labial plate 


and while there were probably more than one species 
present over the long history of this genus in the lake, 
no separation was possible. 


Endochironomus-S ergentia 


The following species would fall in the genus Tany- 
tarsus as used by Townes (1945). In this work they 
are assigned, if possible, to the above two genera. The 
mesal quartet of teeth, flanked by the short second 


155 


laterals, is characteristic of most of these genera. The 
labial plates with a single median tooth (fig. XII-31), 
can be separated from those of Glyptotendipes by the 
short second laterals. In Glyptotendipes 2L = 3L (fig. 
XII-42). Except for the more distinctive species, the 
separation of Endochironomus, Stictochironomus, and 
Sergentia on the labial plate only, is risky. One is 
working with probabilities rather than certainties. 

As can be seen from figure XII-3, no members of 
these genera were found below 130 centimeters. Above 
this point they were found only at 51—54 centimeters 
and 113-130 centimeters. At the upper level only two 
"species," Sergentia nr. flavipes and E. nr. alismatis 
were found while during the earlier peak all the species 
were present, none however at all levels. At 118-120 


TABLE XII-3 


SPECIMEN(S) AND SPECIMEN PER GRAM DRY WEIGHT (G) OF MAJOR GENERA OF CHIRONOMINI 








Level-cm. 
C. 
1 - 5 
11 - 15 
21 - 25 
36 - 40 
51 - 54 
58 - 60 
С. 68 - 70 
79 - 81 
88 - 90 
98 -100 
103 -105 
108 -110 
113 -115 
118 -120 
B; 
123 -125 
128 -130 
133 -135 
138 -140 
147 -149 
B; 
157.5—159.5 
172.5-174.5 
187.5-189.5 
B, 
202 -205 
A 
232 -235 
255.5—258 
265.5—268.5 
270.5-273 
275.5-278 
279.5-281.5 






































C D 

S G S G 
4 6.0 0 0 

1 1.2 0 0 

1 1.5 0 0 
0 0 0 0 
à 3.1 0 0 
0 0 0 0 
3 4.1 0 0 

1 1.2 1 1.2 
0 0 0 0 
10 14.0 0 0 
0 0 0 0 
0 0 0 0 
4 8.2 i 8.2 
6 11.8 4 7.8 
1 1.3 1 1.3 
1 0.2 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 

0 0 0 0 
0 0 0 0 
4 0.8 0 6 
1 0.2 0 0 
5 0.9 1 0.2 
2 0.7 2 0.7 
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Р ES 
S G 5 С 
0 0 0 0 
1 1.2 0 0 
0 0 0 0 
0 0 0 0 
0 0 2 3.1 
0 0 0 0 
1 1.4 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
2 4.1 5 10.2 
18 35.3 16 31.4 
10 13.3 16 21.7 
à 0.3 à 0.3 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
3 0.5 0 0 
1 0.4 0 0 
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СН 
5 G 
0 0 
1 1.2 
0 0 
0 0 
2 3.1 
0 0 
1 1.4 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 
0 0 
0 0 
0 0 
0 0 
2 0.4 
1 0.4 





KEY: C—Chironomus, D—Dicrotendipes, GL—Glyptotendipes, P—Polypedilum, ES—-Endochironomus, Sergentia; L—Lauter- 
borniella; CH—Cryptochironomus, Harnischia 


Fic. 
Fic. 
Fic. 
Fic. 
Fic. 
Fic. 
Fic. 
Fic. 





XII-18. Dicrotendipes sp.—labial plate and paralabial (118-120). 
XII-19. Dicrotendipes sp.—labial plate and paralabial (275.5-278). 
XII-20. Lauterborniella sp.—labial plate and paralabials (128-130). 
XII 21. Harnischia sp.—labial plate and paralabial (51-54). 
XII-22. Cryptochironomus sp.—labial plate (275.5-278). 

XII-23. Stenochironomus sp.—labial plate (103-105). 

XII-24. Unk. genus—labial plate and apex of mandible (79-81). 
XII-25. Chironomus sp.— (123-125). 








xt-32 


Fic. XII-26. 
Fic. XII-27 


Ес. XII-28. 


Fic. XII-29. 
Fic. XII-30. 
Fic. XII-31. 


Fic. XII-32. 


Fic. XII-33. 
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Sergentia nr. coracina—labial plate and paralabial (128-130). 
Endochironomus sp. 1—labial plate апа paralabial (123-125). 
Endochironomus sp. l—antenna (123-125). 

Endochironomus nr. tendens—labial plate and paralabial (118-120). 
Endochironomus nr. tendens—apex of mandible (118—120). 
Endochironomus nr. alismatis—labial plate and paralabial (118-120). 
Sergentia nr. flavipes—mandible (118-120). 

Sergentia nr. flavipes—labial plate and paralabial (118-120). 


Fic. XII-34. 


Fic. XII-35. 


Fic. XII-36. 


Fic. XII-37. 


Fic. XII-38. 
Ек. XII-39. 
Fic. XII-40. 
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XIl- 39 





Polypedilum sp. 1—labial plate (275.5-278). 

Polypedilum sp. 2—labial plate and paralabial (118-120). 
Polypedilum sp. 2—mandible (118-120). 

Polypedilum ? sp. 3—labial plate and paralabial (68-70). 
Polypedilum sp. 4—labial plate, paralabial and mandible (128-130). 
Polypedilum sp. 5—part of labial plate and paralabial (118-120). 
Polypedilum sp. 6—labial plate and parala bial (118-120). 
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Fic. XII-42. 
Fic. XII-43. 
Fic. XII-44. 
Fic. ХП-45. 
Fic. XII-46. 
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Glyptotendipes sp. 1—labial plate and paralabial (79-81). 
Glyptotendipes sp. 1—(juvenile) —labial plate (275.5-278). 
Glyptotendipes sp. 2—labial plate and paralabial (118-120). 
Glyptotendipes sp. 3—labial plate and paralabial (118-120). 
Glyptotendipes sp. 4—labial plate and paralabial (128-130). 
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these genera were second only to Polypedilum ап 
abundance (table XII-3). 


Endochironomus sp. 1—This was one of the few species 
with the antenna present. The 5-segmented antenna 
(18-6-3-2-1) with the long blade would place it near 
E. jucundus (Walk.) in Townes’ subgenus Tribelos 
(figs. XII-27, 28). It was found in the 123-125 centi- 
meter level. 

Endochironomus nr. tendens Fabr.—This labial plate, with 
its long partly fused medians (fig. XII-29) resembles 
that of the common European species E. tendens Fabr. 
as figured by Lenz (1957) and Tshernovskij (1949). 
The apex of the mandible is shown in fig. XII-30. It 
was found in the 113-115 and 118-120 levels. 

Endochironomus nr. alismatis (Kieff.)—According to Lenz 
(1957) this larva would fall in the signaticornis group of 
Endochironomus. The labial plate resembles that of E. 
alismatis Клей. as figured by Lenz. One of the diffi- 
culties in assigning larvae to this species results from 
the fact that the early instars of many other Endochi- 
ronomus have a single теза! tooth and resemble the 
above. F'gure XII-31 is of a large. probably mature, 
head capsule fragment. In the absence of any other 
evidence I have placed all such larvae here with the 
realization that the placement is one of convenience. 
Head fragments were found at the 51-54, 118-120, 123- 
125, 128-130 centimeter levels. 

Sergentia nr. coracina (Zett.)—This labial plate appears to 
belong to Sergentia coracina. or a closely related species. 
Larvae are described and figured by Lenz (1941) and 
Stahl (1959). The teeth in figure XII-26 are shorter 
than those figured by Stahl but this is undoubtedly due to 
wear. Found at 51-54 and 128-130 centimeters. 

Sergentia nr. flavipes (Meig.)— The strongly arched labial 
plate and unusually shaped mandible (figs. XII-32, 33) 
are characteristic of this species. The larva was de- 
scribed by the author (1957). Fragments were found 
at 118-120, 123-125 centimeters. 


Polypedilum 


The genus Polypedilum at its very brief peak was 
the most abundant of the Chironomini. It was barely 
present below 275.5 centimeters but from its reappear- 
ance at 128-130 centimeters it rises to a peak exceeding 
the other Chironomini genera at 118-120 centimeters. 
As can be seen in figure XII-3 the peak is narrower 
than Endochironomus-Sergentia or Glyptotendipes. The 
genus vanishes again above 113 centimeters and re- 
appears briefly at 68-70 and 11-15 centimeters. On the 
basis of the labial plates and paralabials 7 “species” 
can be recognized. The species found below 275 centi- 
meters does not reappear above 130 centimeters. 


Polypedilum sp. 1—The labial plate is pale, marked as in 
P. scalaenum (Schrank) (fig. XII-34). The paralabials 
were broken. This was the only Polypedilum species 
found below 275 centimeters. Found at 275.5-278, 279.5- 
281.5 centimeters. 

Polypedilum sp. 2—In this spec'es the medians are longer 
than 2L (fig. XII-35) and 1L —2L. The paralabials 
are as long as the width of the labial plate. The mandi- 
ble is shown in figure XII-36. Found at 113-115, 118- 
120 and 123-125 centimeter levels. 

Polypedilum sp. 3—The labial plate is strongly arched 
(fig. XII-37) with the medians longest. The paralabials 
are also strongly arched and mesally approximated as 
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in Xenochironomus (Anceus). The paralabials are 
longer than the width of the labial plate. Found only 
at 68-70 centimeters. 

Polypedilum sp. 4—The labial plate here is very similar to 
that of P. illinoense (Mall). Тһе color is fairly uni- 
form (fig. XII-38) and the paralabials are shorter than 
the width of the labial plate. The apex of the mandible 
is also shown in figure XII-38. The species was found 
at the 118-120, 123-125 and 128-130 centimeter levels. 

Polypedilum sp. 5—The labial plate is fairly uniform in 
color and the medians and 2L are barely longer than 1L. 
The paralabials are as long or longer than the width of 
the labial plate (fig. XII-39). Found only at the 113- 
115 and 118-120 centimeter levels. 

Polypedilum sp. 6—The robust medians and 2L combined 
with the short, laterally emarginate paralabials (fig. 
XII-40) characterize this species. It was found at the 
118-120 and 123-125 centimeter levels. 

Polypedilum sp. 7—The labial plate of this species is dis- 
tinguished by the second laterals (2L) being longer than 
the medians (fig. XII-41). The shape of the para- 
labials is also unusual. The single specimen is quite 
small and appears to be an early instar. This was found 
only at 11-15 centimeters and was the only Polypedilum 
at this relatively recent level. 


Glyptotendipes 


From the labial plates available there appear to be at 
least 4 "species" of the genus present in the sediments 
of core 2. As used here the genus consists of those 
larvae with a basically 13-toothed labial plate, 2L = 3L, 
4L shorter and elongate paralabials. The size of 2L 
will separate the genus from those Endochironomus 
with an unpaired median and the paralabials from most 
Dicrotendipes. While there may be more than 4 species 
present, without more characters than are afforded by 
the labial plate, further separation is not feasible. 

In the earliest sediments (275—281 centimeters) this 
is the dominant genus of Chironomini (fig. XII-3). 
This is also true at the 68-70 centimeter level. At the 
peak point of 118-120 centimeters, it was a major but 
not the dominant genus. No specimens were found in 
most of zone Co. 


Glyptotendipes sp. 1—As shown in figure XII-42, this is 
a very typical Glyptotendipes labial plate. The median 
is as long as 1L and the paralabials are long. The labial 
plate of an early instar is shown in figure XII-43. It 
was found at the 68-70, 79-81, 98-100, 118-120, 123- 
125. 275.5-278 and 279.5-281.5 centimeter levels. 

Glyptotendipes sp. 2— This species is similar to sp. 1, dif- 
fering only in the median being distinctly shorter than 
1L (fig. XII-44). This was the dominant Glyptotendipes 
in the earliest sediments. It was found at the 113-115, 
118-120, 123-125, 265.5-268.5, 270.5-273, 275.5-278 and 
279.5-281.5 centimeter levels. 

Glyptotendipes sp. 3—A similar labial plate to sp. 2 (fig. 
XII-45). It differs in the highly modified 4L-6L. The 
rounded outer tooth at each end of the labial plate pre- 
sumably represents 6L. It was found only between 118 
and 130 centimeters. 

Glyptotendipes sp. 4— This is much like sp. 1 but differs in 
the shorter paralab'als (fig. XII-46) and the modified 
5-6L. It seems to form a "species" pair with Glypto- 
tendipes sp. 3, as sp. 2 does with sp. l. It was found 
only at the 128-130 centimeter level. 
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XII - 49 





XII - 52 





XII: 6 -53 


Fic. 
Fic. 
FIG. 
Fic. 
Fic. 
Fic. 
Fic. 
Fic. 
Fic. 


XII-47. 
XII-48. 
XII-49. 
XII-50. 
XII-51. 
XII-52. 
XII-53. 
XII-54. 
XII-55. 


Х11- 55 


Tanytarsini 
Tanytarsini 
Tanytarsini 
Tanytarsini 
Tanytarsini 
Tanytarsini 
Tanytarsini 
Tanytarsini 
Tanytarsini 


sp. 
Sp. 
sp. 
sp. 
sp. 
sp. 
sp. 
sp. 
Sp. 










]—apex of mandible (11-15). 

1—labial plate and paralabial (11-15). 
2—labial plate and paralabial (113-115). 
3A—apex of mandible (11-15). 
3A—labial plate (11-15). 

3B—mandible (51-54). 

3B—labial plate and paralabial (51-54). 
5—labial plate and paralabial (118-120). 
4—labial plate and paralabial (113-115). 
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Tanytarsini 


As can be seen from figure XII-2 the members of this 
tribe form a major component of the chironomid fauna 
above 135 centimeters. Only one specimen was found 
below 279.5 centimeters. In the peak period of chi- 
ronomid abundance from 130 centimeters up to 110 
centimeters, the Tanytarsini are second only to the 
Chironomini in abundance. It is interesting to note 
that during this period the Tanytarsini reach their 
peak after the other major subgroups. The Chironomini, 
Orthocladiinae, and Tanypodinae peak at 118—120 centi- 
meters while the Tanytarsini peak at 113-115 centi- 
meters. At 98—100, 68-70 centimeters and 51-54 centi- 
meters the Tanytarsini peak slightly along with the 
Chironomini but this is not true above these points. 
When one compares figures XII-1 and XII-2 it can 
be seen that the 4 major peaks in the chironomid fauna 
above 133 centimeters are composed largely of Chi- 
ronomini. The peak at 11-15, the second largest, is, 
however, composed in the main of Tanytarsini with 
some Tanypodinae. It would appear that more recent 
conditions in the lake have favored a buildup of a 
littoral Tanytarsini fauna. 

The separation of the Tanytarsini into genera and 
species 15 almost impossible on the basis of the labial 
plate remains. Without the antennae, labrum, and re- 
lated structures, generic separation is impossible and 
species designation only an approximation. There are, 
without question, more species than are listed below. 


Tanytarsini sp. 1— The labial plate has a rounded mesal 
tooth, uniformly colored (fig. XII-48) and the mandible 
(fig. ХП-47) has 2-3 dorsal teeth. А single imperfect 
antenna found on one specimen indicates that this “spe- 
cies" might fall in Paratanytarsus. This was the most 
common "species" or species complex in the sediments. 
It was found from 1-25 centimeters, 68-81 centimeters, 
98-100 centimeters, 108-120 centimeters and 128-135 
centimeters. 

Tanytarsini sp. 2—This "species" is similar to sp. 1 except 
that the 3 mesal teeth project past the other laterals 
(fig. XII-49). It was found only at 113-115 centimeters. 

Tanytarsini sp. 3.4, 3B— There is obviously more than one 
species represented here but in almost all cases they 
cannot be separated. The labial plate of both 3A and 
3B has a trifid mesal tooth with the central area lighter 
(figs. XII-51, 53). The mandible of species 3A has 2 
lateral teeth (fig. XII-50) while that of 3B has 3 
lateral teeth (fig. XII-52). Inasmuch as only these 
two specimens bore mandibles, all labial plates with the 
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above tooth structure and color pattern are included 
here. They were found at the 1-5, 11-15, 21-25, 51-54, 
113-115, 118-120 and 123-125 centimeter levels. 

Tanytarsini sp. 4—In this "species" the теза! tooth is 
sharply trifid (fig. XII-55) and more or less uniformly 
colored. This was the only Tanytarsini species found in 
the early lake sediments. Specimens were present at 
the 113-115, 118-120 and 279.5-281.5 centimeter levels. 

Tanytarsini sp. 5—This is very similar to sp. 4 but the 
теза! tooth is not as deeply trifd (fig. XII-54). It 
may be a worn specimen of sp. 4. И was found only at 
118-120 centimeters. 


Едмих CERATOPOGONIDAE 


Only one mandible of a ceratopogonid larva (fig. 
XII-4) was found at the 1—5 centimeter level. 
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XIII. THE HISTORY OF THE LAKE: А SYNTHESIS 
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The results that have been presented by the various 
authors of this volume remain to be synthesized as a 
brief history of the lake and its surroundings. This 
history, as has been implied in the stratigraphic divi- 
sions used in some of the contributions, 1s clearly divided 
into three parts. It 15, however, convenient to consider 
the first two periods (A and B) together, while the 
events of the third period (C), within historic time, are 
complicated and require considerable discussion. 


THE PRE-CLASSICAL PERIOD 


The first period (A) apparently started shortly after 
the formation of the crater in which the lake lies, and 
terminated about 24,000 C!* years в.р. On geological 
grounds, reviewed earlier by Bonatti (see p. 26) it 
is unlikely that the actual explosion that formed the 
basin occurred after 26,000 в.Р. The date of the event 
falls rather before the Würm II-III glacial maximum, 
and within the equivalent Pontinian II-III of Italian 
geologists. During this time (Blanc, 1957; see also 
Bonatti, 1966), the climate of central Italy was cold and 
dry, with a steppe fauna which included Elephas primi- 
genius, Capra ibex, and Equus hydruntinus. No radio- 
carbon date earlier than 24,650 в.р. is available from 
the lake sediments, so that the actual chronology of 
period A is uncertain. We can, however, be confident 
that the sedimentation rate was more rapid than later 
and the organic production likewise higher. This seems 
entirely reasonable as initially the crater would be un- 
vegetated, largely composed of finely divided material 
and ot a form unrelated to the geomorphological process 
that tended to act upon it. The relatively high produc- 
tivity may well have been due to initial easy leaching of 
material rich in potassium and of fairly high phosphorus 
content. Under conditions of high nutrient supply, the 
existence of shallow productive basins at quite low 
summer temperatures is well established (Steinbock, 
1958; see also Hutchinson, 1937). During the whole 
of zone À and well into the deepest levels of B the 
climate was probably becoming colder, as the final 
maximum of the Wurm glaciation is believed to have 
occurred between 20,000 and 18,000 B.P., which would 
fall in the lower half of B, in our stratigraphy. From 
the time that our pollen sequence begins at about 
24,000 в.р. up to about 17,000 в.р. the land surround- 
ing the lake supported a vegetation apparently domi- 
nated by Artemisia, and presumably comparable to a 


cold dry steppe or to some of the plant formations now 
found at high altitudes in Central Asia. This vegetation 
is in general accord with the paleontological information 
from central Italy already mentioned. Cold dry con- 
ditions seem (Bonatti, 1966) to have been general in 
the Mediterranean at this time. Their former wide- 
spread existence poses a formidable biogeographic prob- 
lem as to where the ancestors of the present mesic 
biota of Europe were then living. This problem can 
probably be resolved only by further intensive work 
on the late glacial and postglacial vegetation of southern 
Spain, Italy, Sicily, and North Africa. It 15, however, 
of considerable interest to note that the biota of the 
deeper layers of Lago di Monterosi seem to contain, 
with. the possible exception of the diatom Calonets 
ventricosa var. alpina, no specifically cold-water taxa; 
where some judgment is possible the species encoun- 
tered are usually eurytopic. 

The aquatic vegetation of the lake at the end of period 
A, as indicated by the pollen studied by Bonatti, con- 
sisted of Potamogeton, Nympheaceae, and Myriophyl- 
lum. Relative to total pollen, that of aquatic species 
is less abundant than at a rather later date. Since it 
seems likely, as Bonatti has indicated, that the propor- 
tion of grains derived from aquatic plants would be 
maximal when the water level was low enough for the 
entire flat-bottomed lake to be filled with florescent 
macrophytic vegetation, it appears that the level at the 
end of period A was higher than at subsequent times 
during period B, though probably lower than in historic 
times. The changes mainly involve Potamogeton and 
Myriophyllum; water-lilies appear to have been present 
and to have produced proportionately about the same 
amount of pollen throughout the history of the lake. 

Throughout zones А and В;, some blue-green algal 
filaments, arranged in a manner suggesting Gloeotrichia, 
are recorded, with Pediastrum boryanum and during 
A, P. duplex also. The former species is the commoner 
and Goulden feels that this would be expected in cold 
water; the occurrence is therefore a rather tenuous 
reminder that the deposits were laid down as the ice 
increased to a maximum in the Alps. Diatoms were 
usually abundant in zone A and the lower part of By, 
Cocconeis placentula and Fragilaria construens being 
the commonest species. The former is a very eurytopic 
species, the latter is regarded as an oligotrophic or 
mesotrophic form occurring mainly at slightly alkaline 
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РН values; at and above 247.5 centimeters in core 2, 
it is accompanied by F. construens var. venter, possibly 
a slightly more circumneutral taxon. There is no clear 
evidence of a true diatom plankton. There was clearly 
a rich chrysophycean flora, consisting mainly of species 
producing very simple cysts. 

Two fresh-water sponges appear in zone A, namely 
Spongilla lacustris and Heteromeyenia stepanowi. They 
increase to a maximum at the B;/Be boundary or early 
in Bə and decline later in Bə апа Вз, H. stepanowi 
disappearing completely. Their distribution is clearly 
dependent on that of the higher water plants, and in 
general is the inverse of the distribution of Cladocera 
or Chironomidae in the deeper sediments. Racek notes 
that H. stepanowt is confined today to water of pH 
7.0 to 7.8; the water of the lake must, therefore, have 
been very slightly alkaline, which is in line with the 
evidence from the diatoms. It is probable that the 
alkalinity was due to sodium and potassium rather than 
to calcium bicarbonate. 

A limited cladoceran fauna occurs in the deepest 
layers (267-280 centimeters, core 2) of zone A, the 
dominant species being Chydorus sphaericus, Grapto- 
leberis testudinaria, and a small species of Alona. АП 
the species that can be fully identified, except Monospilus 
dispar, reappear in zone C. M. dispar, known as a 
rather uncommon form today, 1s recorded (Frey, 1962) 
in a lake deposit from the Eemian Interglacial in Den- 
mark, and in the postglacial sediments of Lake Nofjiri 
in Japan (Tsukada, 1967). None of the species can be 
regarded as cold stenotherms. In the upper part of zone 
A only C. sphaericus 1s found and no members of the 
group occur at the extreme top of the zone or in Bj. 
The fossil head capsules of the Chironomidae are distrib- 
uted in much the same way as the remains of the 
Cladocera. Early in А there is а quite well-developed 
fauna, consisting of a single species of the tribe Tany- 
tarsini (sp. 4) and a number of Chironomini, namely 
Cryptochironomus sp., Lauterborniella sp., Dicroten- 
dipes sp., Chironomus sp., Polypedilum sp. 1 (ct. 
scalaenum), and Glyptotendipes sp. 1 and sp. 2. The 
last named species was dominant. Although Polypedilum 
sp. 1 was confined to the deepest layers, all other Chi- 
ronomidae which are recognizable as taxonomic entities, 
even though they are not yet identifiable with named 
species, occur also somewhere in zone C. The general 
facies of the fauna, moreover, is not a cold-water or 
northern one. At the top of zone A the Chironomidae 
disappear and do not appear until the middle of zone 
Вз, about 20,000 years later. There are odd records of 
tubellarian cocoons, Plumatella statoblasts and the re- 
mains ої Chaoborus at several levels in zone A. 

The general impression given by these details is of 
a shallow fairly productive lake, with very slightly 
alkaline water due to the presence of alkali bicarbonates, 
with a rather undiversified biota, mostly benthic and 
consisting for the most part of eurytopic species. 
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Nymphaeaceae, Myriophyllum, and Potamogeton had 
all become quite abundant by the end of the period, and 
both species of sponge recorded doubtless were living 
on their stems. Plankton seems to have been very 
poorly developed. 

After 24,000 B.P., for a very long interval, at least 
to about 5,000 B.P., during our periods B, and Bə, the 
sedimentation rate was very low indeed, the organic 
matter deposited had markedly declined and the re- 
sulting sediment quite dry. The absolute minimum in 
the deposition of total inorganic sediment and of most 
of the individual inorganic components was early in 
this interval, low down in our period B, from about 
24,000 to 17,000 в.в. We are inclined to attribute the 
change from A to B, to local development of plant 
cover and to slight reduction of the relief around the 
lake rather than to climatic changes. Organic production 
and water retention continued to fall, after the time of 
minimum inorganic sedimentation, having their minima 
at about the В./В. boundary around 13,000 в.р. During 
most of Ву, the terrestrial vegetation remained essen- 
tially unchanged ; but at the end of the interval, grasses 
replaced Artemisia. There is, however, a return of 
Artemisia and virtual disappearance of grasses at 193 
centimeters in core 1 corresponding to a date of about 
10,300 в.Р. The appearance and disappearance of grasses 
occurred at a time when late glacial oscillations, the 
Bglling and the Allergd, were taking place in northern 
Europe. In our core, sedimentation is so slow that 
without knowing in advance what to look for, it would 
hardly be possible to establish such detail, but it is 
probable that the oscillations are represented by events 
early in zone Bo. 

There 15 а steady rise in water-plant pollen from a 
weak minimum at the bottom of B, to a maximum at 
the Bı/Bə boundary. Presumably the lake, originally 
perhaps not more than a few meters deep, was becoming 
shallower; though phanerogamic plants decline a little 
in Bə, it 1s possible that the water level continued to 
fall for a time as Sphagnum increased during that 
period. Initially at the weak minimum at the bottom of 
Bı, Nymphaeaceae and Myriophyllum were the domi- 
nant taxa, but later at the time of the maximum, 
Potamogeton reappeared and became, as judged by the 
abundance of its pollen, a little more numerous than 
any other kind of aquatic plant. At this time there was 
also a small maximum in the Hydrocharitaceae. Diatoms 
tend to be rather scarce except at the bottom of the 
zone; Chrysophyceae continue much as in zone A. 
Animal microfossils are absent except for sponge spic- 
ules; Spongilla lacustris and Heteromeyenia stepanowr 
reach their maximum at about the Bj/Bs boundary, 
following in general the development of the higher 
vegetation. 

In view of the slowness of sedimentation at this time, 
it is possible that both the sponge spicules and the 
water-plant pollen give a distorted idea of the biota of 
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the lake. Scattered Potamogeton plants and water-lily 
petioles may have born a sparse sponge fauna; there 
must have been some detritus produced by the decay 
of water plants. Bacteria on such detritus, Chrysophy- 
ceae, and perhaps other unfossilizable protists, doubt- 
less provided food for the sponges. An hypothetical 
observer would have found a very shallow and bio- 
logically impoverished lake, probably rather turbid with 
wind-stirred inorganic sediment as 1s usual in the stand- 
ing waters of somewhat arid regions. The lake would 
differ from such waters, however, in its quite low 
mineral content. The рН was doubtless just on the 
alkaline side of neutrality, owing primarily to alkali 
bicarbonate, as it 1s evident from the chemical data that 
sodium and potassium were more likely to enter the 
lake at this time than were the alkaline earth elements. 

During the succeeding period Bə which corresponds 
to the period of major deglaciation, after what looks 
like an imperfect record of the known climatic oscilla- 
tions between 13,000 and 10,000 B.P., the terrestrial 
vegetation assumes an arboreal character, Corylus ap- 
pearing early in the zone followed by Abies and various 
species of Quercus. The Abies maximum appears curi- 
ously late at about 5,000 в.р. The genus, however, 
existed in the vicinity of the lake two thousand years 
earlier, and the maximum 1s presumably due to some 
purely local circumstance. Chenopodiaceae and com- 
posites other than Artemisia are more abundant than 
grasses in the non-arboreal pollen. This suggests some 
sort of disturbance, which possibly could have been due 
to large mammals such as wild boar in the vicinity of 
the lake. Salix and Alnus probably grew near the lake 
margin. Higher water plants remain conspicuous 1n the 
pollen spectrum, though less abundant than at the 
В,/В» boundary. There is, however, a considerable and 
rapid increase in Sphagnum spores, which had appeared 
in small numbers low ш B, and now reach a maximum 
at 193 centimeters in core 1. At about this time 
(193-197 centimeters in core 1) the chrysophycean 
flora changes, fewer simple and more spinose cysts 
being produced, which give the assemblage something 
of the facies of that recorded from the marginal bog 
of the Diebelsee in North Germany. At the same levels 
in core 1 broken fragments of the acid-water diatoms 
Eunotia and Pinnularia appear, though they are less 
conspicuous in the equivalent levels of core 2. It seems 
likely that the site of core 1 lay nearer the margin of 
the very shallow lake and that some Sphagnum, growing 
marginally, produced a narrow bog with a РН below 
/.0. This may well be the time of the lowest water 
level in the lake. More centrally the occurrence of 
Heteromeyenia  stepanou" suggests continued very 
slightly alkaline water. The development of the Sphag- 
num probably indicates lower alkalinity of the water 
draining into the lake. At the same time the sediment 
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contains smaller amounts of a number of elements which 
at least ш part must have been leached out ш А and 
B, from the source materials of that sediment. The 
boglike conditions postulated cannot have been exten- 
sive, for the chemical data give no indication of the 
formation of peaty organic material with a high C:N 
ratio. Chironomid head capsules are absent from this 
zone, but some Cladocera have been identified ; Bosmina 
l. longirostris, Acrocerus harpae, Alona guttata, Ley- 
digia acanthocercoides, and Alonella nana all appear for 
the first time at 173 centimeters in core 2; all occur 
again at higher levels. A few Plumatella statoblasts and 
remains of Chaoborus are also present. 

In В. Abies declines and both Quercus petraea and 
other species of Quercus become common. Pinus, which 
initially may have been represented solely by adventive 
grains, occurs in minimal proportions as the oak rises; 
there is a small secondary and doubtless autochthonous 
maximum just at the top of the zone. Salix remains 
high. The Gramineae are the most important terrestrial 
non-arboreal group. The Compositae and Chenopodi- 
aceae, though exhibiting a small secondary maximum 
at the top of the zone, are in general less abundant than 
in zone Bs. The Nymphaeaceae are the dominant 
higher water plants, with Potamogeton less abundant 
and the Alismataceae more abundant than in By. M vrio- 
phyllum remaining rare, Sphagnum persists to the end 
of the period. This flora suggests a well-developed lit- 
toral zone with less vegetation in the center of the lake; 
it is probable that a somewhat increased rainfall led 
to higher lake levels than in В», though the lake was 
probably still very shallow. Diatoms are almost absent, 
though chrysophycean cysts are common. Sponge spic- 
ules decline in abundance steadily, presumably as sub- 
merged vegetation became less prominent; Hetero- 
теуета stepanow disappears before the end of the 
period. Cladocera are abundant at 148 centimeters at 
the bottom of zone Bs, become less abundant in the 
middle of the zone, but at the top almost the full fauna 
of the later periods 15 present. Chironomid head сар- 
sules, absent since the middle of period A, reappear 
in the middle of Вз. Initially Endochironomus cf. 
alismatis, Sergentia cf. coracina and Polypedilum sp. 
4 of Roback appear to have been the commonest taxa 
present and all persist at least into the lower part of 
Ст. The general impression given by the fauna as well 
as a slight increase in both inorganic and organic sedi- 
mentation suggests a small but qualitatively significant 
increase in productivity at the end of the period. The 
rise in manganese suggests some disturbance leading 
to lower redox potentials in the soils of the basin. These 
changes may in part be due to climatic amelioration, but 
the hypsithermal period would fall in the lower part 
of Вз. We are inclined to think that a small amount of 
human activity may have begun before the end of the 
period. 
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THE TRANSITION AT THE ВС 
BOUNDARY AND THE BUILDING 
OF THE VIA CASSIA. 


The radiocarbon date for the transition, namely 
2,220 = 120 СН years В.Р. falls in a period during 
which the correction for changes in cosmic-ray flux 
is rather uncertain; it could correspond to a calendrical 
age anywhere between А.р. 10 and 340 в.с. if both 
counting statistics and the uncertainties of correction 
are considered. The most probable date would be be- 
tween 150 в.с. and 285 в.с., figures that embrace the 
time of the building of the Via Cassia, which Ward- 
Perkins (see р. 12) puts probably at 171 в.с. Since 
this is the only major human event involving the basin 
known to have occurred in the time span ш question, 
it 15 reasonable to attribute the great change in the 
chemistry and biology of the lake to the building of 
the road. 

When the sedimentation rates are examined it ap- 
pears that in spite of the general uniformity of the 
inorganic composition throughout zone C, two dif- 
ferent processes are involved. The first of these, mark- 
ing the transition from Вз to Cy, involves the period of 
maximum rate of increase of organic productivity and 
of rate of water retention. There is little doubt that 
if the C'* dates could have been more closely spaced, 
this change would have seemed more dramatic in the 
table of sedimentation rates. It 1s accompanied by a 
more than two-fold increase in the sedimentation rate 
of calcium, an increase which is proportionately greater 
than in the cases of the other major inorganic con- 
stituents. 

The transition 1s also marked by a great fall in the 
proportion of the pollen or spores of aquatic plants. 
This presumably implies а rise in water level. At the 
same time the proportion of the number of Sphagnum 
spores in the total aquatic pollen and spore count 
falls strikingly. This suggests that the hardness of the 
water as well as its depth abruptly increased. The pro- 
portion of Nympheaceae fell slightly, Potamogeton dis- 
appeared and Myriophyllum increased very markedly 
relative to the total aquatic pollen. These changes indi- 
cate the establishment of an aquatic pollen spectrum 
like that of the most modern sediment. 

There is at this time no real evidence of extensive 
clearing of the forest. The ratio of arboreal to terres- 
trial herbaceous pollen rises from the very low values 
of the middle of B» to a maximum at 150 centimeters 
in core 1, just above the B3/C, boundary and thereafter 
declines slowly and irregularly. There is, however, a 
small interruption in the rise at 158 centimeters which 
may imply a little clearing at this time. Too much 
stress should not be placed on this because it is evident 
that throughout most of postglacial preclassical time 
the landscape immediately around the basin was pro- 
ducing more herbaceous pollen than would seem likely 
for a climax association. The maximum forest cover 
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for the region, on the basis of the arboreal: herbaceous 
pollen ratio, seems to have been established, for a 
very short time, just after the great change in the lake. 
All we can state certainly is that the first process of 
disturbance can only have involved quite local de- 
struction of the forest. The change must have caused 
an alteration in the chemical nature of the inflow to 
the lake in the direction of the modern composition. 
The only reasonable conclusion is that prior to the 
building of the Via Cassia such water as entered Lago 41 
Monterosi was mainly precipitation on its surface, at 
least after the increase in rainfall and establishment of 
forest in postglacial times. The rain that fell in the 
drainage basin around the lake was mainly transpired ; 
a small amount must have run into the lake carrying a 
small load of suspended and dissolved matter mainly 
derived from the most superficial material in the basin. 
As has been indicated in the Introduction, the ancient 
Via Cassia seems to have lain just outside the south- 
western rim of the drainage basin. After clearing on 
either side of the road, rain may have begun to per- 
colate through the ash, as it does today, appearing 
finally as the discharge from the springs of which the 
Fontana di Papa Leone is the most important. Since 
these lie on the southwestern side of the lake, the 
postulated clearing need not initially have spread 
further, but the general history given by Ward-Perkins 
indicates that it soon may have included the entire 
basin and much land beyond. At the same time run-off 
over the surface of the terrain and consequent erosion 
must have increased, for not only does the chemistry 
of the sediments change, but the rate at which they 
were deposited increases markedly. More water clearly 
reached the lake; some of the vegetation changes re- 
corded in the pollen spectra may have been due to 
flooding of the bushes and herbaceous plants growing 
around the shore. The chemical changes in the sedimen- 
tary column are most striking. There 15 a great increase 
in alkaline earths particularly in calcium, and some 
increase in phosphorus. These elements rise to maxima 
low in C, and although they decline a little later, they 
never fall back to the old levels. Organic matter ш- 
creases temporarily and with it a number of elements, 
notably iron, cobalt, nickel, arsenic, and the halogens 
other than fluorine. 

Recently Bormann, Likens, Fisher, and Pierce 
(1968) have found that cutting an area of forest in 
New Hampshire increased the run-off markedly and 
that the water leaving the area is much enriched in 
bases. They believe (Smith, Bormann, and Likens, 
1968; Likens, Bormann, and Johnson, 1969) that the 
chemical enrichment is due to a release from an in- 
hibition on nitrification which operates when the forest 
is growing. On the death of the tree roots, nitrifying 
bacteria flourish and the acidity engendered promotes 
chemical erosion. These results are obviously very 
relevant to our findings. 
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Biologically this initial period of change is marked 
by a great deveiopment of biue-green algae, which ap- 
parentiy constituted the first real phytoplankton associa- 
tion that the lake had supported. Concomitantly there 
was a marked decrease in diatoms and Chrysophyceae. 
Macroscopic water plants were clearly scarcer than 
before and the sponges declined greatly; Hetero- 
meyenia stepanowi had already disappeared. Qualita- 
tively the cladoceran fauna is not greatly different from 
that present at the end of Вз. Quantitatively the most 
striking feature is the abundance of Chydorus sphaericus 
which may in part be associated with blue-green algae, 
as it often is in the plankton today. The maximum in 
non-chydorid Cladocera, notably Bosmina, occurs а 
little after the blue-green and chydorid maxima. 

Chironomid head capsules of all major taxa become 
increasingly abundant at the bottom of Су. Chironomus 
itself is proportionately better represented than at the 
top of Вз, though the commonest genera still were 
Sergentia, Endochironomus, and Polypedilum. 

There can be little doubt that the lake at this time, 
at least in the summer, would have appeared as a 
typical eutrophic body of water with a myxophycean 
water-bloom. If there was any stratification, which 15 
not impossible in view of the increase in depth, the 
hypolimnion would rapidly have become oxygen- 
deficient. 


LATER CHANGES IN HISTORIC TIME 


As has been indicated earlier, the changes in sedi- 
mentation rates seem to have involved two processes. 
One is the clearing and consequent hydrographic 
changes due to the building of the Via Cassia. This 
led to an increase in calcium, both total and exchange- 
able, in the sediments and to the development of a 
eutrophic plankton with much deposition of organic 
matter. The result is a striking series of changes in 
lake chemistry. The second process is only apparent 
from the sedimentation rates calculated from the C™ 
dates. It involves no great change in chemistry and 
seems to imply a continuous increase in both inorganic 
and organic deposition up to a maximum rather later 
than 1349 в.р. or about 650 A.D., after which time the 
process was reversed. Its reality depends on the validity 
of the mean value of each radiocarbon date, and it is 
less strongly established than the initial transition when 
the Via Cassia was built. Apart from the record of 
increasing sedimentation, which implies increasing ero- 
‘ion, and a fall in exchangeable calcium suggesting 
d oletion in the source materials, the only clear indi- 
^ ton of change in the basin at or just before this 
time is the sudden appearance of pollen of Urtica 

Boratti, see p. 31) beginning at 140 centimeters, 
ju.t below the level of the 1573 в.р. date, reaching а 
m^ximum at 130 centimeters just above this level and 
then а^ ліпе slowly. Urtica evidently was maximal 
in the fifth century but remain important at least till 
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the eighth. In general, large nettle beds occur on dis- 
turbed well-fertilized ground; they may often be ob- 
served where the excreta of domestic animals or human 
refuse has accumulated in the past. The initiation of the 
nettles at 140 centimeters is accompanied by. a transi- 
tory small maximum of chenopodiacean pollen, another 
indicator of disturbance. The changes indicated by the 
pollen may well have been quite local and probably 
imply an increase in some sort of farming within the 
drainage basin. Large graminean pollen grains, probably 
from cereals, occur throughout the post-Cassian period 
in small numbers, but since at this level they do not 
increase, as they do later, augmented cultivation of 
wheat or other cereal is unlikely. Ward-Perkins (see 
р. 12) quotes from the Liber Pontificalis entries for 
the Domusculta Capracorum, an estate not far away 
founded about А.р. 780, that was producing wine, 
olives, vegetables, and pigs. Olives and vegetables are 
still grown around the lake and pigs, if in sufficient 
numbers, might well explain the nettles. 

The next event which can be recognized as occurring 
in the basin is the increase in large graminean pollen, 
presumably implying cereal cultivation sometime shortly 
after 984 B.P., which date probably corresponds to about 
1200 д.р. This maximum accords well with the apparent 
prosperity of the region in the thirteenth century ( Mal- 
lett, see p. 14), the subsequent minimum no doubt 
correlating with the depressed conditions in the fifteenth 
century. After this minimum the supposed cereal pollen 
rises to its modern figure, as would be expected from 
the continual increase in the development of the region 
since the sixteenth century. А modern increase in Pinus 
pollen presumably reflects the planting of pines in the 
last two centuries. 

During the period after the initial developments set 
in motion by the building of the Via Cassia, a number 
of changes took place in the biology of the lake. The 
blue-green algae declined and gave place to Pediastrum 
(maximum 104 centimeters core 2) ; at the same time 
there was a transitory redevelopment of Chrysophyceae, 
suggesting rather less eutrophic conditions. Then a 
well-marked association. of diatoms develops with 
Melosira granulata, its variety angustissima and Cy- 
clotella ocellata dominating; Patrick regards this as 
а circumneutral eutrophic assemblage. It seems to have 
flourished about the time of maximum sedimentation, 
but begins to decline very low in Сә. It is succeeded by 
a secondary maximum of blue-green algae, followed 
by Pediastrum simplex; all algal microfossils are rare 
in the most recent sediments. The Cladocera, which 
reached а maximum just above the blue-green algal 
maximum, decline to a minimum at the С, /С» boundary. 
After this they increase again, varying slightly and 
irregularly above 53 centimeters in core 2, with a small 
maximum at the top of the core. When numbers are 
recalculated to give the approximate rate of deposition 
of cladoceran remains, the lower maximum 1s reduced 
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and the upper irregular maximum accentuated. The and sedimentation, when the Urticaceae were abundant 
minimum in deposition of cladoceran fossils appears to in the basin and when there was a good eutrophic 
correspond to the supposed time of maximum erosion  diatom plankton in the lake. Spongilla lacustris which 
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Fic. XIII-1. Tabular summary of the results of the study. 
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varies rather irregularly throughout both С, and Со, of C, and С». It has not been possible to draw any 
exhibits a pronounced minimum at this time. The definite conclusions from their behavior, but it is clear 
Chironomidae vary irregularly throughout the sediments that in spite of the uniformity of the sediments through- 
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out most of the post-Cassian history of the lake, bio- 
logical changes were continually taking place. 


GENERAL CONSIDERATIONS 


It will be apparent that the history of Lago di Monte- 
rosi gives almost no support to any theory of inevitable 
development of a lake from an oligotrophic to eutrophic 
condition as 15 implied for instance in the writings of 
Thienemann (1925) and as has been suggested in a 
more detailed form by Hutchinson and Wollack (1940). 
Only at the top of Bs, and then at a time when some 
human disturbance cannot be ruled out, 1s there any 
hint of an inevitable progression towards a more pro- 
ductive state. Apart from this very doubtful qualifica- 
tion, all the changes ш the lake seem to involve deter- 
minant changes in the lake basin. Whether this would 
be true of a deeper lake in comparable circumstances 
remains to be investigated. 

The whole history 1s summarized in figure XIII-1. 
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GENERAL INDEX 


Entries in bold face type refer to figures. 


Aegirine-augite, 32, 47, 48, 90 

Ager Capenas, 13 

Ager Faliscus, 10, 12 

Agricultural development in basin, 12, 31, 


97, 167 

Albano volcanic center, date of !ast activ- 
ity, 26 

Algae, blue-green, see  Cyanophyceae; 


green, see Chlorophyceae 

Algal filaments, 42, 102, 103 

Alismataceae, pollen, 27, 29, 165, 168 

Allergd interstadial, 30, 164 

Alteration products of lava, 46, 47, 49; 
unidentified, 46, 47, 48, 98 

Aluminum (Al:Os;), coordination number 
of, 39; in sediments, 61, 64, 66, 67; in 
source materials, 49, 50, 61; in water, 
61; rate of sedimentation, СЗ: rela- 
tively invariant, 64, 84, 85, 99; slight 
enrichment, 64, 99 

Amorphous aluminosilicate, 89 

Analcime, 46, 47, 48, 49, 53, 55, 98 

Analysis, differential thermal, 37, 89, 91; 
methods of, 37; validity of, 37, 38, 39 

Anguillara, family, 14, 15 

Anorthite (see also plagioclase), 35 

Antimony, possible presence, 74, 77, 99 

Apatite, 34, 35, 60, 74, 80, 98, 99 

Arsenic, determination of, 37, 38; in lake 
sediments, 74, 75, 76, 77, 99; in source 
materials, 49, 50, 74; in water, 74; 
rate of sedimentation, 93, 94; relation- 
ship with iron, 74, 75, 76, 77, 89, 99 

Artemisia-steppe, 27, 28, 30, 163, 164 

Augite, 32, 34, 35, 46, 89, 98, 100; dio»- 
sidic, 33 


Baccanae, 12 

Baccano, 15; pollen profile from basin, 30 

Barbarano, 10 

Barium, association with residuate ele- 
ments, 61; in sediments, 58, 59, 60, 61, 
98; in water, 60, 61; loss on weather- 
ing, 51, 98; probable precipitation as 
sulfate, 61, 89, 98; rate of sedimenta- 
tion, 94; validity of determinations, 39; 
zeolite, possible, 53 | 

Beryllium, 39, 57 

Biedano, 10 

Biotite, 32, 33, 34, 35 

Bølling interstadial, 44, 45, 164 

Bolsena, Lago di, 32 

Bombs, volcanic, 45, 46 

Boniface IX, Pope, 14 

Boron, 39, 61 

Bracciano, 10 

Bracciano, Lago di, 5, 10, 12 

Bromine, association with organic mat- 
ter, 82, 83, 87, 89; atmospheric contri- 
bution, 48, 82, 98; in lake sediments, 
80, 81, 82; in source materials, 49, 50, 
82; in water, 80; rate of sedimentation, 
93, 94 

Bryozoa, see Ectoprocta 


Caere, 10 

Calcata, 12, 13 

Calcium (or CaO), acid soluble, 53; as 
apatite, 60, 98; exchangeable in sedi- 
ments, 59, 60, 90, 98; exchangeable in 
source materials, 53; in sediments, 58, 
59, 60, 98; in source materials, 49, 50, 
60; ш water, 60; loss from lake, 51, 
52, 60, 98; maximum in recent sedi- 
ments, 86, 87; rate of sedimentation, 
93, 94; retained in weathering, 49 

Campagnano, 12, 13 

Carbon" dates, 28, 42, 43, 91, 98; cor- 
relation with Christian calendar, 44; 
historical and archaeological signifi- 
cance, 45 

Carbon, organic, 37, 83; ratio to nitrogen, 
83 

Cation exchange capacity of sediments, 
89, 90, 92, 100 

Ceratopogonidae, 154, 162 

Cereals, cultivation of, 31, 97 

Cerium, high values, 66; in lake sediment, 
66, 67, 68, enriched, 69; in source 
materials, 49, 50, 67, 69; in water, 67; 
minimum in middle of profile, 67, 85, 
86; rate of sedimentation, 94 

Cesium, in lake sediment, 55, 56, 57; in 
paedogenesis, 49; in water, 55; rate of 
sedimentation, 94 

Chaoborinae, 105, 164 

Chenopodiaceae, pollen, 27, 29, 165, 167, 
168 

Chestnut woods, modern, 10 

Chironomidae (see also taxonomic in- 
dex), 110, 150-162; distribution of, 
150, 151, 152, 153, 164; early fauna 
not cold water, 150, 164 

Chironomini, 151, 152, 153, 169 

Chlorine, association with organic matter, 
81, 82, 89; atmospheric contribution, 
48, 98; determination of, 37, 38; in 
lake sediments, 81, 82; in source mate- 
rials, 49, 50, 82; in water, 82; rate of 
sedimentation, 93 

Chlorophyceae, 102, 103, 104, 105, 108, 
109 

Chromium, determination of, 39; in lake 
sediments, 73, 78, 79, 80, 99; pattern 
of enrichment, 79, 80, 99; in source 
materials, 49, 50, 78; in water, 78; 
maximum in older sediments, 85, 88, 
89, 99; mobile under oxidizing condi- 
tions, 80, 99; rate of sedimentation, 94 

Chronology of sediments, 42, 45 

Chrysomonadina (Chrysophyceae) (see 
also taxonomic index), 123-142, 164, 
167; cyst, difficulties of identification, 
123; diversity, 124, 140, 141: indicating 
chemical change, 96, 97, 141; number 
of species, 123, 124; possible indicators 
of lime-poor water, 124, marginal bog 
association, 141 

Civita Castellana, 15 
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Cladocera (see also taxonomic index), 
104, 105, 106, 164, 167, 169: chydorid, 
106, 107, 108, 110; diversity, 109, 110, 
117; planktonic (or non-chydorid) 20, 
105, 107, 108, 110, 167; population in 
relation to lake history, 110, 111 

Clay minerals, 46, 47, 48, 89, 90, 91, 98 

Climate, cold steppe during Wutrm Il- 
III, 28; geochemical effects of, 78, 79, 
80, 09 

Climaiic optimum, 30 

Coba.t, determination of, 39; in lake sedi- 
ments, 70, 71, 72, 99; in source mate- 
rials, 49, 50, 72; rate of sedimentation, 
93, 94; relation to iron, 72, 87, 89, 99; 
relation to nickel, 72, 99 

Coli-water taxa, virtual absence from 
early sediments, 150, 163, 164 

Colonna, Antonio, 14 

Composition of sediments (see individual 
elements), variance, 84 

Compositae, pollen, 27, 29, 165, 168 

Conrad of Metz, 14 

Copper, determination of, 39; in lake 
sediments, 72, 73, 99; in source mate- 
rials, 49, 50, 72; in water, 72; rate of 
sedimentation, 94; relatively conserva- 
tive, 72, 74, 84, 99 

Correlation coefficients, between constitu- 
ents of sediments, 53, 54 

Cyanophyceae, 18, 24, 102, 103, 104, 105, 
108, 109, 163, 167 


Deforestation, hydrographic and chemical 
effects of, 97, 166 

Diatoms (see also taxonomic index), 110, 
112, 122, 141, 163, 164, 165, 167, 169; 
diversity, 115, 117; indicating chemical 
change (see also species listed in taxo- 
nomic index), 96, 97, 114, 115; number 
of species, 115, 117; relation to Clado- 
cera, 110, 112; relation to historic 
changes, 112, 116; relative abundance, 
112, 115 

Diebelsee, Germany, 123, 140, 141 

Differential thermal analysis, 89, 91 

Diffractometry, X-ray, 37 

Domusculta Capracorum, 12, 97, 167 

Domuscultae, 13 


Ectoprocta, 22, 102, 104, 105, 109, 110, 
164 

Endellite, no evidence of, 89 

Ennerdale Water, England, 
manganese in, 71 

Ericaceae, pollen, 29 

Eroli, Bernardo Cardinal, 15 

Esthwaite Water, iron and manganese in, 
71 

Etruria, roads шко, 10, 11 

Eugenius IV, Pope, 14 

Eutrophy, not due to internal changes, 170 

Exchangeable cations, 89, 90; exchange 
capacity, 89, 90, 92, 100 


iron and 
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Fabrica di Roma, 12 

Faleria, 12 

Falerii Novi, 11 

Faliscan plain, see Ager Faliscus 

Farnese Family, Duke Rannuccio mur- 
ders Bishop of Castro, 15; improved 
Via Cimina, 15; loss of possessions, 15 

Feldspar (see also plagioclase), 47; 
ternary, 34 

Fishery in lake, 8, 13, 15, 24, 25 

Flaminian period, 26 

Fluorine, apparent relation to alkalis, 56, 
80, 99; determination of, 37, 38; fix- 
ation in early lake sediments, 80; in 
lake sediments, 80, 81; in water, 80; 
1055 оп weathering, 48, 80, 98; maxi- 
mum in older sediments, 85, 87, 88; 
rate of sedimentation, 93, 94; usually 
in excess of ideal fluorapatite, 80, 81 

Fontana di Papa Leone (see also in 
water under individual elements), 6, 7, 
97, 166 

Forest, distribution in antiquity, 10, 12, 
30, 45, 166, 168 

Formello, 13 

Frederick Barbarossa, meeting with Pope 
Hadrian IV on shore of lake, 13 

Frederick II, 14 

Frederiksborg Slots, Denmark, 96 

Furesø, 96 


Gallium, enriched, 64, 65, 99; in lake 
sediments, 61, 65, 66, 67; in sources 
materials, 49, 50, 61; in water, 61, 64, 
85; mobility in solution, 65, 99; rate 
of sedimentation, 94; ratio to alumi- 
num, 64, 65, 66, 67; relatively invariant 
in sediment, 64, 84, 85, 99 

Geochemical patterns of erosion and sedi- 
mentation, 84, 89 

Giarda, Cristoforo, Bishop of Castro, 
murdered and buried in Monterosi, 15 

Goethite, 34, 35 

Gramineae, pollen, 27, 29, 30, 43, 165, 
168; large grained, probably cultivated 
cereals, 27, 29, 31, 43, 97, 167, 168 

Grane Langsø, Denmark, 96 

Grassland, 30, 164 

Gregory the Great, Pope, 13 

Gregory VII, Pope, bull of, mentioning 
lake, 13 

Gregory XII, Pope, 14 

Gribsg, Lake, 123, 133, 141 


Hadrian I, Pope, 12 

Hadrian IV, Pope meeting with Emperor 
Frederick Barbarossa on shore of lake, 
13 

Haematite, 33 

Hafnium, in sediments, 62, 63, 85, 99; in 
source materials, 49, 50, 61; in water, 
61; rate of sedimentation, 94; ratio to 
zirconium, 62, 63, 64, 65, 84, 99 

Halloysite, 88, 89, 90, 100; no evidence 
of endellite, 89, 100 

Halogens (chlorine, bromine, iodine), as- 
sociated with organic matter, 81, 82, 
89, 99 

Hill settlements in S. Etruria, origin of, 
13; Monterosi exceptional, 13 
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Honorius III, Pope, confirmed fishing 
rights, 13, 14 
Hydrocharitaceae, pollen, 27, 29, 164, 168 


Ianula, Lacus (see also Monterosi, Lago 
di), 14; meaning of name, 5fn; oldest 
occurrence of name, 5fn, 13 

Ianula, villa, 13 

Ignition loss, see Organic matter 

Illite, 88, 89, 100 

Innocent III, Pope, 13 

Innocent IV, Pope, 14 

Iodine, association with organic matter, 
82, 83; dependent on organic matter, 
89; in lake sediments, 81, 82; in source 
materials, 49, 50, 82; in water, 80; 
rate of sedimentation, 94 

Iron (or Fe;Os) formation of Fe;Os on 
heating, 89, 90, 100; in lake sediments, 
69, 70, 71, 72, 99; in source materials, 
49, 50; in water, 70; mobile under re- 
ducing conditions, 70, 71, 72, 87, 89; 
rate of sedimentation, 93 


Juglandaceae, pollen, 29 


Lanthanum, in sediment, 66, 67, 68; high 
values apparently valid, 66; in source 
material, 49, 50, 69; in water, 67; 
minimal in middle of profile, 67, 85, 
86: not enriched, 69 

Lapilli, 45, 46 

Lava, alteration of, 46, 52; chemical com- 
position of, 35, 36, 52; distribution of, 
7; petrographic description of, 32, 33, 
34, 35, 36 

Leaching, experiments on, 52 

Lead, in lake sediments, 72, 73, 74, 99; 
enriched, 74; in source materials, 49, 
50, 72; in water, 72; minimal in middle 
of profile, 74, 85, 86, 99; rate of sedi- 
mentation, 94 

Leucite, 32, 33, 35, 46, 47, 98; decompo- 
sition, 48, 49 

Leucitite, 32, 33, 98 

Leucitite porphyry, 33, 34 

Liber Pontificatis, 12, 167 

Linsley Pond, Connecticut, 96 

Lithium, acid soluble in basin, 53; ex- 
changeable, in lake sediments, 54, 55, 


56, 57; in source materials, 53; in 
water, 53 

Livy, 10 

Lucius Cassius Longinus, presumed 


builder of Via Cassia, 12 


Magnesium (or MgQO)—acid soluble in 
basin, 53; behavior in weathering, 49, 
51; exchangeable, in basin, 53; in lake 
sediments, 57, 58, 59, 60, 98; in source 
materials, 49, 50, 60; in water, 600; 
maximum in recent sediments, 86, 87, 
98; rate of sedimentation, 93; ratio to 
calcium, 58, 59, 60 

Malabranca, Matteo di Angelo, Chancel- 
lor of Rome, 14 

Manganese (or MnO), in lake sediments, 
69, 70, 71, 99; in source materials, 
49, 50, 70; in water, 70; mobile under 
moderate reducing conditions, 87, 89; 
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rate of sedimentation, 93; ratio to iron 
under different conditions of redox 
potential, 70, 71, 72 

Martin I, Pope, 14 

Mazzano, 12, 13 

Medieval settlements, rise of, 13, 14, 97, 
110; fifteenth-century decline, 14, 15, 97 

Melanite, 34, 35 

Microfossils (see also Pollen, Diatoms, 
Chrysomonadina, Chironomidae, Pori- 
fera), 102, 111; animal, period of 
scarcity, 108, 109, 164; effect of dis- 
turbance, 109, 110, 111 

Mindel-Riss, 26 

Mineralogy, of lake sediments, 88, £9, 90, 
100; of lava, 46, 47, 48, 49, 50; of sur- 
ficial materials of basin, 46, 47, 48 

Monte Lucchetti, alleged pre-Etruscan 
site, 8, 45 

Monterosi, Lago di, front., 6, 8, 18, 19; 
bathymetric map of, 5, 6, 7; channel 
from, 6; chemistry of water, 18; 
Chironomidae of, 150-162; Chrysomo- 
nadina of, 123-142; Cladocera of, 20, 22, 
104-111, 164; Copepoda of, 20, 21, 23; 
diatoms of, 110-112, 122, 163; drainage 
basin, chemistry of surficial material, 
49, 50, clearing of, 9, 12, 97, 166; culti- 
vation in, 7, 8, 31, 97; geology of, 7, 
26; soil profiles in, 7, 45, 46, 47, 48, 
49, 50, 98; fish production, 25; gen- 
eralized profile, 3, 4; hydrogen ion 
concentration, 17, 18; littoral and ben- 
thic biocoenoses, 21, 22, 23, 24 ; morpho- 
metric data, 6, 26; oxygen concentra- 
tion, 18; phytoplankton, 18, 20, 164; 
Porifera of, 143-149, 169; Rotatoria of, 
18, 19, 20, 22; sediments, color of, 40, 
41, macroscopic appearance of, 41, 42, 
microscopic examination of, 41, 42, 
pollen in, 26, 31, rates of accumulation, 
92, 03; seepage of water from, 6, 52; 
temperatures, 7, 18; transparency, 17; 
vegetation, 7, 8, 9, 17, 19, 30, 163, 164, 
165, 168; water levels, 5, 6, 30, 31, 
110; zooplankton, 18, 19, 20, 21 

Monterosi, Monterosoli or Mons Rosulus, 
5, 10, 11, 12, 13, 15; castle at, 13, 14, 
its destruction, 15; inns unbelievably 
vile, 15; papal post station, 15; popu- 
lation in 14th century, 14; request for 
baptismal fonts, 14 

Monti Cimini, 10 

Monti Sabatini, 10, 32 

Myxophyceae, see Cyanophyceae 


Neodymium, 37; in lake sediments, 66, 
67, 68, enriched, 69, minimal in middle 
of profile, 67, 85, 86; in source mate- 
rials, 49, 50, 69; in water, 67; rate of 
sedimentation, 96 

Nepheline, 33, 34, 35 

Nepi, 10, 11, 12, 14; inhabitants given 
pasturage and fishing rights at Mon- 
terosi, 15 

Nicholas V, Pope, 15 

Nickel, in lake sediments, 70, 71, 72, 99; 
in source materials, 49, 50, 70, 72; m 
water, 70; parallels magnesium in 
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weathering, 51; rate of sedimentation, 
93, 94; relation to iron, 72, 89 

Niobium, apparent anomalous distribu- 
tion, 89; in lake sediments, 74, 76, 77, 
78, 99; in source materials, 49, 50, 74; 
in water, 74; rate of sedimentation, 94 

Nitrogen, organic, in lake sediments, 83, 
87, 94, 95, 100; as measure of pro- 
ductivity, 94, 95, 96; in source mate- 
rials, 95; maxima in Roman times, 100; 
rate of sedimentation, 95; ratio to 
carbon, 83, 100 

Nomentanian period, 26 

Nymphaeaceae, pollen, 27, 29, 30, 163, 
164, 165, 168 


Oak forest (see also Quercus in taxo- 
nomic index), 30 

Opaque minerals, 33, 34, 35 

Organic carbon, in lake sediments, 92, 
99. C:N ratio, 83, 100 

Organic color, extractable or soluble, 92; 
associated with sodium, 90, 92 

Organic matter, in lake sediments, 42, 
43, 44, 83, 84, 92, 100; as measure of 
productivity, 94, 95, 96, 100; maxima 
in Roman times, 43, 45, 100; relation 
to water content, 43, 83, 84, 100 

Oriolo, 10 

Orsini family, rise of, 14 

Oxygen content of water, 17, 18 


Peat, no evidence of production of, 83, 
100, 165 

Phosphorus, association with calcium as 
apatite, 60, 74, 99; in lake sediments, 
74, 75, 99; in source materials, 49, 50, 
74; in water, 74; maximum in recent 
sediments, 86, 87; not limiting, 74, 100; 
relation to nitrogen, 74, 76, 100; water 
soluble, 74, 75, 99 

Phytoplankton, recent, 18, 24; fossil (see 
also Diatoms & Chrysophyceae), 102, 
104, 108, 167 

Plagioclase, 32, 33, 34, 35 

Plant fragments, 41, 42 

Platinum, possible presence, 83 

Pollen distribution in sediments, 26-31, 
168; climatic interpretation of, 28; 
preparation of, 26 

Porifera (see also taxonomic index), 143- 
149; dependence on higher plants, 164, 
167; indicator of alkalinity, 148, 164; 
variation in abundance, 147 

Porphyry, leucitite, 33, 34; trachyte, 33, 
35 - 

Potassium (or КО), acid soluble in 
basin, 53; apparent relation to mag- 
nesium, 55, 57; exchangeable, in basin, 
53; in lake sediments, 54, 55, 56, 57, 
90, 98; in lava, high values regionally 
characteristic, 36, 46; in source mate- 
rials, 49, 50, 55; in water, 55; loss 
from lake sediments, 52, 98; loss on 
weathering, 48, 98; maximum in older 
sediments, 85, 87, 98; rate of sedimen- 
tation, 93, 94; ratio to sodium, 55, 98; 
uptake in lake, 55, 56 

Praseodymium, in lake sediment, 66, 67, 
68; enriched, 69; in source materials, 
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49, 50, 69; in water, 67; minimal in 
middle of profile, 67, 85, 86; rate of 
sedimentation, 94 

Productivity, estimates of, 94, 95, 96, 100, 
110 

Punic War, Second, 11 

Pyrite bodies, 139, 141 

Pyroxene (see also Augite), 33, 34 


Quartz, 48, 88, 89, 90; mainly adventive, 
61, 62 


Rare earth elements (see also Lanthanum, 
Cerium, Praseodymium, Neodymium, 
Samarium), behavior in formation of 
lake sediments 66, 69; determination 
of, 37 

Rhamnaceae, pollen, 29 

Riss, 26 

Roman nobility, rise of, in 9th and 10th 
centuries, 13 

Roncigliano, 12 

Ronciglione, 12, 15 

Rosaceae, pollen, 29 

Rubiaceae, pollen, 29 

Rubidium, in lake sediments, 55, 56, 57; 
in source materials, 49, 50, 55; in water, 
55; loss from lake sediments, 51, 98; 
minimum in middle of profile, 85, 86, 
98; rate of sedimentation, 94; ratio to 
potassium, 56, 57 

Rutile, 33 


Sabatinian volcanic center, 5, 26, 32 

Salt-tax, 14 

Samarium, in lake sediments, 66, 68, 69, 
99: anomalous behavior, 69, 86, 89, 
99; in source materials, 49, 50, 67, 69; 
in water, 67; rate of sedimentation, 94 

S. Anastasio ad Aquas Silvias or Tre 
Fontane, monastery of, 15 

San Paolo, Rome, monastery of, held 
Lago di Monterosi, 13, 14; list of 
castles held in Ager Capenas, 13 

San Tommaso in Formis, owned some 
fishing rights, 13 

Scandium, determination of, 39; in sedi- 
ments, 66, 67, 68, 99; in source mate- 
rials, 49, 50, 67; in water, 67; minimal 
in middle of profile, 66, 67, 85, 86; 
rate of sedimentation, 94 

Sedimentation, rates of, 90, 91, 92, 93, 
94, 102; inorganic matter, 92, 93, 100; 
of particular elements, 93, 94; organic 
matter, 92, 93, 94, 95, 100; water, 92, 
93, 100 

Sediments of lake, algal filaments, 42; 
augite crystals in, 42; brown spheres 
in, 139, 141; black inclusions and 
spheres in, 42, 139, 141; chronology, 
28, 42, 45; collection of cores, 40; color, 
40; detritus, coarse, 42; geochemical 
patterns in, anomalous, 89, dependent 
on organic matter, 87, 89, dependent on 
redox potential, 87, 89, marked maxi- 
mum in younger sediments, 86, 87, 
maximum in older sediments, 85, 87, 
88, minimum in older sediments, 85, 86, 
relativley invariant concentration, 84, 
85; ignition loss, 42, 43, 44; macro- 
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scopic appearance, 41, 42; microscopic 
examination, 41, 42; plant fragments, 
41, 42; pollen in, 26, 31, 42; rate of 
accumulation, 90-92, 167; relation to 
source materials, 45, 52, 98; stratig- 
raphy, 43, 98, 107, 108; water content, 
42, 43, 44, 98 

Seepage from lake, 6, 52, 98 

Selenium, in lake sediments, 78, 79, 99; 
in source materials, 49, 50, 78; in 
water, 78; maximum in older sediments, 
/9, 85, 88, 99; mobile under oxidizing 
conditions, 79, 99; rate of sedimenta- 
tion, 94 

Silicon (as SiOs) forms of, 38, 39, 61, 
62, 64, 65, 99; in lake sediments, 61, 
62, 63; in source materials, 49, 50, 61; 
in water, 61; opal, 39, 62, 64, 65, 99; 
quartz, 39, 61, 62, 64, 65, 99; probably 
wind born, 62, 99; rate of sedimenta- 
tion, 93; ratio to aluminum, 62, 63, 
65; ratio to titanium, 62, 63, 65; rela- 
tively invariant, 63, 64, 85; soluble, 
precipitated in lake, 99 

Silva Ciminia, 10 

Sixtus IV, Pope, 15 

Sodium (or МагО), 37, 39; acid soluble, 
in basin, 53; associated with organic 
color, 90, 92, 100; exchangeable in 
basin, 53; held in analcime, 49; in lake 
sediments, 90, 98, 54, 55, 56, 57; in 
source materials, 49, 50, 55; in water, 
55; loss from lake sediments, 51, 52, 
98; maximum in older sediments, 85, 
87, 98; rate of sedimentation, 93, 94; 
ratio to potassium, 55, 98 

Soil profiles in basin, 45, 46, 48 

Sponges, see Porifera 

o G suspected in older sediments, 
4 

Stabia, see Faleria 

Strabo, 10 

Stracciacappa, 14 

Stratigraphic units employed, 42, 43, 44 

strontium, acid soluble in basin, 53; be- 
havior in weathering, 51, 98; determi- 
nation of, 39; exchangeable in basin, 
53; exchangeable in lake sediments, 
59, 60, 61, 98; in lake sediments, 58, 
59, 60, 98; in water, 60; in source 
materials, 49, 50, 60; loss from lake 
sediments, 51, 98; minimum in middle 
of profile, 56, 85, 86, 98; rate of sedi- 
mentation, 94; ratio to calcium, 59, 60 

Sulfur (or SO,—), atmospheric contri- 
bution, 48, 78, 98, 99; in lake sediments, 
78, 79, 99; in source materials, 49, 50, 
25; in water, 78; rate of sedimentation, 

Surficial materials of basin, chemical 
composition, 49, 50; mineralogy, 46, 
47, 48, 49; relation to lake sediments, 
51; relation to source materials, 51 

Sutri, 10, 11; flint blades from south of, 
8, 45; Lombard graves at, 12; prosti- 
tutes at, 15 


Tanypodinae, 151, 152 
Tanytarsini (see also taxonomic index), 


151, 152, 162 
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Taranakite, 74, 99 

Tarquinia, 10 

Temperature of water, 18 

Titanium (or ТЮ.), determination of, 
39; in lake sediments, 61, 62, 63, 99, 
essentially conservative, 52, 63, 84, 85, 
99; in source materials, 49, 50, 61; in 
water, 61; rate of sedimentation, 93 

Tolfa, 10 

Trachyte porphyry, 33, 35 

Trasimene, Battle of Lake, 11 

Treia, 10 

Tuff, 45, 46, 47; alteration of, 46, 48; 
chemical composition of, 49, 50 

Turbellaria, 22, 23, 102, 105; egg cocoons, 
fossil, 104, 109, 110, 164 


Umbelliferae, pollen, 29 
Urticaceae, pollen, 27, 29, 43, 168 


Vanadium, in lake sediments, 74, 76, 77, 
78, 99; in source materials, 49, 50, 74; 
in water, 74; maximum in older sedi- 
ments, 77, 88, 89, 99; mobile under 
oxidizing conditions, 77, 78, 99; rate 
of sedimentation, 93, 94 


LAGO DI MONTEROSI 


Variance, percentage, of concentration of 
components of sediment, 84 

Vegetation, aquatic, 7, 8, 9, 17, 19, 30, 
163, 164, 165, 168; as indicator of 
depth, 30, 163, 164, 166; changes in, 
30, 163, 164 

Vegetation, arboreal, rise of, 30, 165, 166 

Veii, 10, 11 

Vetralla, 15 

Via Amerina, 10, 11, 12 

Via Cassia, front., 10, 11, 12, 13, 15, 30, 
96; date of, 12, 45, 166; effect of 
building on lake, 97, 166, 167; relation 
to drainage basin, 9, 166 

Via Cimina, 11, 15 

Via Clodia, 10, 11 

Via Flaminia, 11, 12, 15 

Vicus Matrini, 11 

Viterbo, road to, 15 

Volcanic, activity, maximal, 26 


War, civil between Antony and Octavien, 
occupation of Sutri by Agrippa, 10 

Water, chemistry of (see individual ele- 
ments), changes in, 114, 166, 167; pos- 
sible transitory marginal soft, 141, 165 

Water content of sediments, 42, 43, 44, 
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98, 100; relation to organic matter, 43, 
100 

Water, minimum mean rate or replace- 
ment, 52 

Water level, changes in, 30, 163, 164, 166 

Weathering in basin, 46, 48, 49, 50, 51 

Windermere, England, iron and man- 
ganese in, 71 

Würm glaciation, 26, 45 


X-ray fluorescence, technique of, 37, 38; 
comparison with optical spectroscopy, 


39, 40 


Yttrium, 39; in 
materials, 49 


sediments, 66; source 


Zeolite, 32 

Zinc, 37; in lake sediments, 72, 73, 74, 
99; in source materials, 49, 50, 72; in 
water, 72; minimal in middle of profile, 
/4, 85, 86, 99; possible artificial enrich- 
ments, 74; rate of sedimentation, 94 

Zirconium, determination of, 39; in lake 
sediments, 61, 62, 63, 64; in source 
materials, 49, 50, 61; in water, 61; 
relatively invariant, 63, 84, 85, 99 

Zooplankton, 18, 21, 108 


TAXONOMIC INDEX 


(Genera and Species; for higher taxa see General Index) 


Angiosp. = Angiospermae; Вгуор. = Bryophyta; Bryoz. = Bryozoa; Char. = Charophyceae; Chlor. = Chlorophyceae; Chrys. = 
Chrysophyceae; Cil. — Ciliata; Clad. — Cladocera; Coel. — Coelenterata; Copep. — Copepoda; Diat. — Diatoms (Baccillariales) ; 
Dipt. = Diptera; Dinophy. = Dinophyceae; Euglen. = Euglenineae; Gastro. = Gastrotricha; Сутпозр. = Gymnospermae; Hydrach. 
— Hydrachnellae; Нехар. = Hexapoda (other than Diptera) ; Mam. = Mammalia; Moll. = Mollusca; Мухор. = Myxophyceae; 
Nemert. = Nemertinea; Olig. = Oligochaeta; Ostrac. = Ostracoda; Pisc. = Pisces; Рог. = Porifera; Rhizo. = Rhizopoda ; Rotat. 
= Rotatoria; Suct. = Suctoria ; Turb. = Turbellaria; Tard. = Tardigrada. 


Abies, Gymnosp., pollen, 27, 28, 29, 30, 
43, 72, 165, 168 

Acer, Angiosp., pollen, 29 

Achnanthes, Diat., 118 

А. clevei Grun., 118 

А. exigua Grun., 116, 118 

А. exigua var. heterovalva Krasske, 118 

A. lanceolata (Breb.) Сгип.?, 118 

А. lanceolata var., elliptica Cl., 118 

A. lanceolata var. rostrata (Østr.) Hust., 
118 

Acroloxus lacustris (Linnaeus), Moll., 
23, 24 

Acroperus harpae Baird, Clad., 20, 22, 
23, 105, 108, 110, 165 

Aelosoma sp., Olig., 22, 24 

Agrion coerulescens Fonsc., Hexap., 23 

А. mercuriale castellanii, Roberts, Hexap., 
23 

Alnus, sp., Angiosp., pollen, 27, 29, 165 

Alona sp., Clad., 169 

. Sp. (small), 105, 107, 108, 164 

. affinis Leydig, 20, 22, 23, 105, 108, 110 

. costata Sars, 108 

. guttata Sars, 105, 108, 110, 165 

. intermedia Sars, 22 

A. quadrangularis (O. F. Miller), 105, 
107, 108 

A. rectangula Sars, 105, 110 

A. verrucosa, 105, 108 

Alonella excisa (Fischer), Clad., 22, 24, 
105, 108 

A. exigua (Lilljeborg), 105, 108 

A. nana (Baird), 105, 108, 165 

A. rostrata (Koch), 105 

Amphora ovalis Kütz., Diat., 121 

Amphora ovalis var. Пруса (Ehr.) Cl., 
121 

Amphora ovalis var. pediculus Kutz., 113, 
121 

Amphora perpusilla Grun., 121 

Angwilla anguilla (Linnaeus), Pisc., 23 

.Апотосопеїѕ sphacophora (Ehr.) Pftiz., 
D:at., 118 

Aphanizomenon, Myxoph., 102, 103 

Arcella sp., Rhizo., 22 

А. discoides Ehrb., 22 

4. vulgaris Ehrb., 22 

Arrenurus sp., Hydrach., 24 

A. abbreviator Berlese, 23 

A. cuspidifer Piers., 23 

A. denticulatus Motas, 23 

A. (Megaluracarus) globator (O. F. 
Miller), 23, 24 

A. tricuspidator (О. Е. Müller), 23 

Artemisia, Angiosp., pollen, 27, 28, 29, 30, 
43, 78, 88, 163, 164, 165, 168 

Arthrodesmus, Chlor., 18 
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Asplanchna priodonta Gosse, Rotat., 18, 
20, 25 


Baetis sp., Hexap., 23 

Betula sp. Angiosp., pollen, 29 

Bezzia sp., Dipt., 23 

Bithynia, Moll., 24 

B. leachii (Shepp.), 23 

Bosmina longirostris (О.Е. М.), Clad., 
109, 110, 111, 112, 167, 169 

B. longirostris brevicornis Hellich, Clad., 
107 

B. l. cornuta (Jurine), 105, 106, 107, 110 

B. 1. longirostis (O. F. M.), 105, 106, 
107, 110, 165 

B. l. similis Lilljeborg, 105, 106, 107, 110 

Bothrioneurum | vejdovskyanum (Stolc), 
Olig., 22, 24 

Botryococcus, Chlor., 18 


Caloneis clevei (Lagst.) C1., Diat., 118 

C. ventricosa (Ehr.) Meist., 118 

C. ventricosa var. alpina (C1.) Patr., 118, 
163 

C. ventricosa var. 
Meist., 118 

Calopteryx sp., Hexap., 23 

Camptocercus australis, Clad., 105, 108 

Canthocamptus staphylinus Jurine, Copep., 
23, 24 

Capra ibex Linnaeus, Mam., 28, 163 

Carnegit sp. Chrys., 123, 124, 126, 129, 
132, 135, 139, 141 

C. armata var. uncinata Frenguelli, 129, 
139 

C. complexa Conrad, 129, 131, 135, 139 

C. coronata Conrad, 129, 135, 139 

C. cristata var. ornatissima Conrad, 129, 
139 

C. nom. frenguellii Clerici, 125, 139 

C. nom. operculata Frenguelli, 125, 129, 
133, 139 

C. pantocseki Frenguelli, 129, 133, 
139 

C. willing’omensis Conrad, 129, 139 . 

Carpinus Angiosp., pollen, 29 

Castanea Angiosp., pollen, 27, 29, 30, 163 

Catenula, 'Turb., 24 

C. lemnae (А. Duges), 22 

Centropyxis aculeata (Ehrb.), Rhizo., 22 

Cephalodella sp., Rotat., 22 

Ceratium, Dinophy., 20, 24 

C. hirundinella. (O. F. Müller) Schrank, 
18 

Ceratophyllum, Angiosp., 17 

C. demersum Linnaeus, 8, 9 

Chaetogaster, Olig., 24 

С. limnaei Von Baer, 22 
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truncatula 


(Grun.) 


135, 


Chactonotus sp., Gastro., 22, 24 

Chaoborus, Dipt., 102, 105, 109, 164, 165, 
169 

C. flavicans Meigen, 24, 25 

Chenopodiaceae, Angiosp., pollen, 27, 29, 
165, 167, 168 

Chironomus sp., Dipt., 164, 167 

Chromulina sp., Chrys., 123, 124 

C. dubia Doflein, 125, 133 

‚ echinocystis Conrad, 127, 137 

. fusiformis Conrad, 127, 137 

. hokeana Pascher, 137 

. minuta Doflein, 125, 133 

. mucicola Lauterborn, 127, 137 

. spectabilis Scherfel, 126, 136 

. sphaerica Doflein, 125, 133 

Chroococcus, Myxop., 18 

Chrysastrella sp., Chrys., 124 

Chrysococcus bisetus (Schiller) Conrad, 
Chrys., 133, 138, 140 

C. cordiformis Naumann, 140 

C. сууюрйотиу Skuja, 130, 140, 141 

C. klebsianus Pascher, 140 

C. minutus (Fritsch) Nygaard, 130, 140, 
141 

C. radians Conrad, 126, 136 

Chrysosphaerella longispina Lauterborn, 
Chrys., 126, 134 

Chrysostomaceae cf. Conrad., Chrys., 137 

Chrysostomum sp., Chrys., 124 

C. minutissimum (Frenguelli) Deflandre, 
125, 131 

C. simplex Chodat, 125, 131 

C. volvocinopsis var. compressa (Fren- 
guelli), 128, 138 

Chrysoxys major Skuja, Chrys., 137 

Chydorus sp., Clad., 22 

C. globosus Baird, 105, 108 

C. sphaericus (O. F. Müller), Clad., 22, 
24, 105, 107, 108, 164, 167, 169 

Cladophora, Chlor., 19, 24 

Clericia sp., Chrys., 124, 125, 126 

Clericia sp., A., 130, 136, 139, 140 

C. sp., B., 130, 136, 140, 141 

C. sp. C., 130, 136, 140 

. sp. D., 130, 136, 140 

. sp. E., 130, 131, 136, 140 

. sp. F., 130, 140 

. ansulata Conrad, 130, 140 

. circulifera Conrad, 127, 136 

C. cristata Frenguelli, 139 

C. globularis Frenguelli, 130, 140 

C. granulosa Frenguelli, 130, 140 

C. pulcherrima Conrad, 130, 140 

C. striata Conrad, 130, 136, 140 

Cocconeis pediculus Ehr., Diat., 113, 118 

C. placentula Ehr., 113, 114, 116, 118, 
163 

Coelastrum, Chlor., 18 
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Collotheca sp., Rotat., 22 

Colpoda sp., Cil., 22 

Conochilus unicornis Rouss., Rotat., 20 

Corylus, Angiosp., pollen, 26, 27, 29, 30, 
43, 72, 165, 168 

Cricotopus sp., Dipt., 151 

Cricotopus sp. 1, Dipt., 152, 154 

Cricotopus sp. 2, 152, 154 

С. flavipes (Joh.), 152 

Cristatella sp., Bryoz., 22, 104 

Crocothemis erythraea (Brullé), Hexap., 
23 

Cryptochironomus sp., Dipt, 153, 155, 
156, 164 

Cyclotella comta (Ehr.) Kutz., Diat., 
116 | 

C. kutzingiana Thw., 113, 116 

C. kutgingiana var. planetophora Fricke, 
116 

C. kutzingiana var. radiosa Fricke, 116 

C. ocellata Pant., Diat., 113, 114, 116, 167 

С. stelligera Cl. and Grun., 116 

Cymbella affinis Kutz., Diat., 121 

C. aspera (Ehr.) C1., 121 

. cistula (Hemp.) Grun., 121 

. ehrenbergii Kutz., 113, 114, 116, 121 

. heteropleura var. minor Cl., 121 

. hustedtii Krasske, 121 

. lanceolata. (Ehr.), 121 

. microcephala Grun., 121 

. naviculiformis Auersw., 121 

. prostrata (Berkeley) С1., 121 

. turgida Greg., 121 

C. ventricosa Ag., 121 

Cypridopsis vidua (О. Е. Müller), 
Ostrac., 22, 24 

Cyprinus carpio Linnaeus, Pisc., 23 

cysia acetabulosa Nygaard, Chrys., 125, 
131 

cysta aperta Nygaard, 125, 131 

cysta areolata Nygaard, 127, 137 

cysta astroida Nygaard, 126, 134, 136 

cysta bigemina Nygaard, 126, 136 

cysta biporus Leventhal, 130, 136, 140 

cysta brevis Nygaard, 128, 137 

cysta capax Nygaard, 126, 136 

cysta carinalis Nygaard, 127, 137 

cysta carinifera Nygaard, 127, 137 

cysta cingens Nygaard, 125, 132, 133 

cysta collaris Nygaard, 127, 137 

cysta compressa Nygaard, 130, 140 

cysta conimamma Nygaard, 126, 132, 134 

cysta crassicollis Nygaard, 127, 137 

cysta cucullata Nygaard, 130, 140 

cysta cupularis Nygaard, 130, 140 

cysta depressa Nygaard, 130, 140 

cysta echinata Nygaard, 127, 137 

cysta echinospora Nygaard, 129, 139 

cysta ellipsoidea Nygaard, 128, 137 

cysta ellipsoides Nygaard, 128, 137 

cysta foramimfera Nygaard, 126, 134 

cysta geometrica Nygaard, 126, 136 

cysta globata Nygaard, 125, 131 

cysta grandis Nygaard, 128, 139 

cysta granulosa Nygaard, 126, 134 

cysta hieroglyphica Nygaard, 127, 137 

cysta infundibularis Nygaard, 127, 137 

cysta longispinosa Nygaard, 126, 136 

cysta macrospinosa Nygaard, 126, 136 

cysta mamillosa Nygaard, 127, 137 
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cysta microcarpa Nygaard, 130, 140 

cysta micromeles Nygaard, 127, 137 

cysta microspinosa Nygaard, 123, 134, 137 

cysta microspora Nygaard, 127 

cysta minima Nygaard, 123, 125, 132, 133 

cysta mixta Nygaard, 127, 137 

cysta modica Nygaard, 123, 125, 133 

cysta obconica Nygaard, 128, 133, 137 

cysta obovata Nygaard, 128, 137 

cysta oviformis Nygaard, 128, 137 

cysta paucispinosa Nygaard, 126, 136 

cysta polyhedra Nygaard, 127, 132 

cysta punctata Nygaard, 126, 134 

cysta quaterna Nygaard, 126 

cysta radians Nygaard, 141 

cysta sacculiformis Nygaard, 129, 139 

cysta scripta Nygaard, 136, 137 

cysta scrobiculata Nygaard, 129, 139 

cysta sphaerica Nygaard, 125, 128, 131 

cysta spinulosa Nygaard, 127, 137 

cysta subastroidea Nygaard, 126, 131, 136, 
141 

cysta subbavarica Nygaard, 125, 133 

cysta subgranulosa Nygaard, 126, 134 

cysta subsphaerica Nygaard, 131, 137 

cysta tabulata Nygaard, 127, 132, 137 

cysta teres Nygaard, 128, 137 

cysta uroglenoides Nygaard, 125, 133 

cysta vermicularis Nygaard, 127, 132, 137 


Daphnia sp., Clad., 105, 169 

D. rosea Sars, 20, 21, 25, 106, 169 

Dero digitata (O. F. Müller), Olig., 22, 
24 | 


Desmidium, Chlor., 18 

Diaphanosoma brachiurum Liéven, Clad., 
20 

Dicrotendipes (= Limnochironomus) зр., 
Dipt., 153, 155, 156, 164 

Difflugia acuminata Ehrb., Rhizo., 22 

D. corona Wallich, 22 

D. oblonga Ehrb., 22 

Dileptus sp., Cil., 22 

Dinobryon sp., Chrys., 124 

Dinobryon bavaricum Imhof, 125, 132 

D. pediforme Steinecke, 131 

D. sociale Ehrenberg, 125, 133 

D. stokesii Lemmermann, 128, 138 

Diploneis elliptica (Kütz) Cl., Diat., 118 

D. oblongella (Naeg. ex Kütz.) Ross, 118 

Dissotrocha aculea.a (Ehrb.), Rotat., 22 

Dugesia tigrina (Girard), Turb., 22, 24 

Dunhevedia crassa King clad., 105, 108 


Ectocyclops phaleralus (Koch), Copep., 
23 

Elephas antiquus, Falc., Mam., 28 

E. primigenius Blum., 28, 163 

Endochironomus, Dipt., 153, 155, 167 

Endochironomus sp. 1, 157, 160 

E. nr. alismatis (Kieff.), 155, 157, 160, 
165 

E. nr. tendens Fabr., 157, 160 

Ephydatia fluviatilis (Linnaeus), Porif., 
146 

Epistylis sp., Cil., 22 

Epithemia intermedia Fricke, Diat., 121 

E. sorex Kutz., 121 

E. turgida (Ehr.), Kütz., 121 
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E. turgida var. granulata (Ehr.) Kiutz., 
121 | 

E. zebra (Ehr.) Kütz., 121 

E. zebra var porcellus (Kütz.) Grun., 121 

E. zebra var. saxonica (Kütz.) Grun., 121 

Equus hydruntinus Reg., Mam., 28, 163 

Euchlanis dilatata. Ehrb., Rotat., 20, 22, 
23 

Eucyclops speratus Lilljeborg, Copep., 23 

Eudiaptomus gracilis (С. О. Sars), 
Copep., 20 

E. graciloides (Lilljeborg), 20 

E. padamus etruscus Kiefer, 21 f.n. 

E. vulgaris (Schmeil), 20, 21, 23, 25 

Euglena, Euglen., 24 

Euilyodrilus heuscheri (Bretscher), Olig., 
22, 24 

Eunotia spp., Diat., 114, 115, 141, 165 

Eunotia flaxuosa Bréb. ex Kitz, 117 

E. formica Ehr., 117. 

E. incisa W. Sm. ex Greg., 117 

E. pectinalis (О. Е. Мап.) Rabh., 118 

E. pectinalis var. minor (Ка) Rabh., 
118 

E. pectinalis var. recta A. Mayer ex 
Patr., 118 

E. pectinalis var. undulata (Ralfs) Rabh., 
118 

E. soletrolit (Kitz) Rabh., 118 

E. vanheurcku var. intermedia (Krasske 
ex Hust.) Patr., 118 

Euplotes sp., Cil., 22, 24 

Eurycercus lamellatus (О. Е. Müller), 
Clad., 22, 23, 105, 108 


Fagus, Angiosp., pollen, 27, 29, 30, 168 

Fragilaria brevistriata Grun., Diat., 117 

Е. construens (Ehr.) Grun., 114, 115, 
116, 117, 163 

Е. construens var. binodis (Ehr.) Grun., 
117 

F. construens var. venter (Ehr.) Grun., 
114, 115, 116, 117, 164 

F. pinnata Ehr., 117 

F. pinnata var. 
Hust., 117 

F. sinuata M. Perag., 117 

F. vaucheriae (Kütz) Peters, 117 

Fraxinus, Angiosp., pollen, 29 

Frontipoda musculus (O. F. Müller), 
Hydrach., 23 

Frontonia sp., Cil., 22 


( Schum.) 


lancettula 


Gambusia affinis Linnaeus, Pisc., 23, 24 

Gloeotrichia, Myxop., 102, 103, 163 

Glyptotendipes, Dipt., 153, 155, 160, 169 

G. sp. 1, 159, 160, 164 

С. sp. 2, 159, 160, 164 

G. sp. 3, 159, 160 

G. sp. 4, 159, 160 

Gomphonema acuminatum var. coronata 
(Ehr.) W. Sm., Diat., 120 

G. angustatum (Kütz.) Rabh., 120 

G. constrictum Ehr., 120 

G. constrictum var. 
Grun., 120 

G. gracile Ehr., 114, 120 

С. gracile var. aurita (A. Braun) Cl., 120 


capitata (Ehr.) 
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С. gracile var. naviculoides (W. Sm.) 
Grun., 120 

G. intricatum Kitz, 120 

G. intricatum var. pumila Grun., 120 

G. montanum var. media Grun., 121 

G. parvulum Kiitz, 114, 121 

G. subclavatum Grun., 121 

Graptoleberis testudinaria 
Clad., 105, 107, 108, 164 

Gyrosigma | attenuatum (Kitz.) Rabh., 
Diat., 118 

С. зрепсети var. 
Skv., 113, 118 


( Fischer), 


acutinscula (Grun.) 


Halteria grandinella (О. Е. Müller), Cil., 
22, 24 

Hantzschia | amphioxys 
Diat. 121, 122 

Harnischia sp., Dipt., 153, 155, 156 

H. amachaerus Townes, 153 

Heteromeyenia stepanowi (Dybowski), 
Porif., 143, 144, 145, 147, 148, 164, 165, 
167, 169 

Heterotrissocladius sp.?, Dipt., 152, 154 

Hippeutis complanatus (Linnaeus), Moll., 
23 

Hippopotamus sp., Mam., 28 

Homo sapiens Linnaeus, Mam., 28 

Hydra attenuata Pallas, Coel., 22 

Hydrochoreutes krameri Piers, Hydrach., 
23 

Hydrodroma despicens (O. Е. Müller), 
Hydrach., 23 

Hydropsyche sp. (larvae), Hexap., 23 


(Ehr.) Grun, 


Ilyocryptus sordidus (Liéven), Clad., 22, 
24 


Ilyocypris sp., Ostr., 23 
Ischnura elegans V.d. Lind, Hexap., 23 


Juglandaceae, Angiosp., pollen, 29 


Keratella quadrata 
Rotat., 18, 20, 25 
Kurzia latissima (Kurz), Clad., 105, 108 


(O. F. Müller), 


Labrundinia sp., Dipt., 151, 154 

L. longipallpis (Goetg.), 151 

Lauterborniella sp., Dipt., 153, 155, 164 

L. agrayloides (Kieffer), 156 

Lecane sp., Rotat., 22 

L. closterocerca (Schmarda), 20, 23 

L. luna (O. F. Müller), 20, 22, 23 

L. lunaris (Ehrb.), 22, 23 

L. quadridentata (Ehrb.), 22 

Lepadella ovalis (О. Е. Müller), Rotat., 
20, 22, 23 

Leydigia sp., Clad., 169 

Leydigia | acanthocercoides (Fischer), 
Clad., 105, 107, 108, 110, 111, 165 

Leydigia leydigi (Schgdler), 105, 
108, 110, 111 

Libellula depressa Linnaeus, Hexap., 23 

L. quadrimaculata Linnaeus, 23 

Limnesia undulata (О. Е. Müller), 
Hydrach., 23, 24 

Limnodrilus sp., Olig., 24 

L. claparedeanus Ratzel, 22, 24 

L. hoff meisteri Clap., 22 
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Lipomis gibbosus (Linnaeus), Pisc., 23 

Loxodes magnus Stokes, Cil., 22, 24 

Lumbriculus variegatus (O. F. Müller), 
Olig., 22 


Macrobiotus dispar (J. Murray), Tard., 
22 

Macrocyclops albidus (Jurine), Copep., 
21, 23 

Macropelopia sp., Dipt., 151, 154 

Mallomonas sp., Chrys., 124 

akrokomos Ruttner, Chrys., 128, 137 

allorgei Conrad, 128, 137 

bacterium Conrad, 125, 132 

caudata Iwanoff, 126, 134 

elliptica Conrad, 137 

lata Conrad, 125, 133 

lychenensis Conrad, 128, 138 

majorensis Skuja, 128, 137 

paucispinosa Conrad, 125, 132 

radiata Conrad, 126, 136 

tenuis Conrad, 128, 138 

. tesselata Nygaard, 128, 137 

tonsurata var. alpina (Pascher and 
Ruttner) Krieger, 126, 136 

Megacyclops viridis (Jurine), Copep., 23 

Melosira ambigua (Grun.) Müll, Diat., 
113, 116, 117 

M. distans (Ehr.) Kiitz, 117 

М. granulata (Ehr.) Ralfs., 
116, 117, 124, 167 

M. granulata var. angustissima Müll., 112, 
113, 116, 117, 123, 167 

M. italica (Ehr.) Kitz, 117 

M. varians Ag., 117 

Mesostoma sp., Turb., 22, 24 

Metriocnemus? sp., Dipt., 152, 154 

Microcystis sp., Myxop., 18, 24 

Micropterus salmoides (Lac.), Pisc., 23 

Microstomum | lineare (Müller), Turb., 

22, 24 

Monospilus dispar, Clad., 105, 106, 108, 
164 | 

Myriophyllum sp., pollen, 27, 29, 30, 163, 
164, 165, 166, 168 

Myriophyllum spicatum Linnaeus, Angio- 
sp., 8, 9, 17 

Mytilina ventralis var. brevispina. Ehrb., 


Rotat., 20, 22, 23 
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112, 113, 


Nats, Olig., 24 

Nanocladius sp., Dipt., 151, 152 

Navicula americana Ehr., Diat., 118 

№. amphibola C1., 118 

М. anglica Ralfs, 118 

N. bacillum Ehr., 118 

М. bacllum var. rectangularis Manguin, 
119 

. capitata Ehr., 119 

. cryptocephala Kütz. 119 

. cuspidata (Kütz) Kütz, 119 

. dicephala (Ehr.) W. Sm., 119 

. elegans W. Sm., 119 

exigua Greg. ex Grun., 119 

exigua var. capitata Patr., 119 

. gastrum (Ehr.) Kütz., 113, 119 

N. globosa Meist.?, 119 

N. graciloides A. Mayer, 119 

У. halophila (Grun.) C1., 119 


ты ылышы ы ы 


177 


N. hutchinsonii Patr., 119 

N. laterostrata Hust, 113, 114, 116, 119 

N. minima Grun, 119 

N. mutica Kütz, 119 

N. pseudoseminulum Skv., 119 

N. pupula Kütz., 119 

N. pupula var. mutata (Krasske) Hust., 
119 

N. pupula var. 
Grun., 119 

N. pusto Cl., 119 

N. radiosa Kütz., 119 

N. seminulum var. hustedtii Patr., 119 

N. subtilissima Cl., 120 

N. tackei Hust, 119 

N. viridula (Kütz) Kutz. emend V. H., 
120 

Neidium afine var. 
(Ehr.) Cl., Diat., 120 

N. iridis var. ampliatum (Ehr.) C1., 120 

N. iridis f. vernalis Reich., 120 

Nitellopsis sp., Char., 17 

Nitellopsis obtusa (Desvaux) J. Groves, 
8,9 

Nitocra inuber (Schmank.), Сорер. 23, 
24 

Nitzschia amphibia Grun., Diat., 122 

N. palea (Kütz.) W. Sm., 122 

N. thermalis Kütz, 122 

N. tryblionella Hantz., 122 

N. tryblionella var. levidensis (W. Sm.) 
Grun., 113, 122 

Noterus clavicornis Deg., Hexap., 23 

Notommata copeus Ehrb., Rotat., 22, 24 

Nymphaea, Angiosp., 17, 150, 153 

Nymphaea alba Linnaeus, 8, 9 

Nymphula stratiotata 
Hexap., 23 


rectangularis (Greg.) 


amphirhynchus 


(Grunberg), 


Ochromonas sp., Chrys., 124 

Ochromonas flavicans (Ehrenberg) But- 

schli, 127, 137 

. fragilis Doflein, 126, 137 

. granularis Doflein, 123, 125 

. hannos Skuja., 137 

. ludibunda Pascher, 126 

. pinguts Conrad, 137 

. reptans Conrad, 125, 133 

. scintillans Conrad, 125, 133 

. vasocystis Doflein, 125, 133 

. stellaris Doflein, 126, 136 

Oedogomum, Chlor., 24 

Opephora swartzii (Grun.) Petit, Diat., 
117 | 

Orthocladiinae, Dipt, 151, 152; sp. 1, 
152, 154; sp. 2, 152, 153, 154; sp. 3, 153, 
154 | 

Oscillatoria, Myxop., 18 

Outesia sp., Chrys., 124 

O. robusta Conrad, 128, 133, 138 

O. torquata Frenguelli, 128, 138 

O. yberiensis Frenguelli, 129, 139 

Oxytricha, Cil., 22, 24 

Oxyurella tenuicaudis (Sars), Clad., 105 
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Paludicella sp., Bryoz., 22, 104 

Paracyclops fimbriatus (Fischer), Copep., 
23 

Paramecium, Cil., 22, 24 

Paratanytarsus, Dipt., 162 
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Paspalum, Angiosp., 17 

Pedalia mira (Hudson), Rotat., 19, 20, 25 

Pediastrum sp. Chlor., 104, 109, 110, 112, 
116, 167 

Pediastrum boryanum (Turp.) Menegh., 
103, 104, 105, 109, 163 

P. duplex Meyen, 103, 104, 105, 163 

P. simplex Meyen, 103, 104, 105, 110, 
111, 167 

Peracantha truncata (О. Е. Мег), 
Clad., 105 

Peridinium, Dinophy., 24 

Phacus, Euglen., 24 

Phaenocora sp., Turb., 22 

Philodina sp., Rotat., 22 

Phragmites, Angiosp., 17, 19 

P. communis Trin., 7, 9 

Physa, Moll., 24 

P. fontinalis (Linnaeus), 23 

Pinnularia sp., Diat., 113, 114, 115, 141 

Pinnularia abaujensis (Pant.) Ross, 120 

P. biceps Greg., 120 

P. borealis Ehr., 120 

P. braunii var. amphicephala (A. Mayer) 
Hust., 120 

P. brevicostata C., 120 

. dactylus Ehr., 120 

. flexuosa C1., 120 

. gentilis (Donk.) C1., 120 

. intermedia (Largest.) Cl., 120 

. macilenta (Ehr.) Cl., 120 

. maior (Kütz.) Rabh., 120 

. microstauron (Ehr.) C1., 120 

. nobilis (Ehr.) Ehr., 120 

. subcapitata Greg., 120 

P. viridis (Nitz.) Ehr., 120 

Pinus, Gymnosp., pollen, 27, 28, 29, 30, 
165, 167, 168 

Plantago, Angiosp., pollen, 27, 29, 31, 168 

P. lanceolata. Linnaeus, 31 

P. major Linnaeus, 31 

Platycnemis pennipes Pallas, Hexap., 23 

Platyias patulus (О. Е. Müller), Rotat., 
22, 23 

P. quadricornis (Ehrb.), 22, 23 

Pleodorina sp., Chlor., 18, 20 

Pleuroxus laevis Sars, Clad., 105, 108 

P. trigonellus (O. F. Müller), 105, 108 

Plumatella sp., Bryoz., 104, 105, 109, 164, 
165, 169 

Polyarthra sp., Rotat., 19, 20 

P. vulgaris, Carlin, 20 

Polypedilum, Dipt., 153, 155, 160, 167, 
169 

P. sp. 1 (cf. scalaenum), 158, 160, 164 
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sp. 2, 158, 160 

sp. 3, 158, 160 

sp. 4, 158, 160, 165 

sp. 5, 158, 160 

sp. 6, 158, 160 

sp. 7, 158, 160 

. illinoense (Mall.), 160 

. scalaenum (Schrank), 160 

Potamogeton, Angiosp., pollen, 8, 17, 27, 
29, 30, 150, 163, 164, 165, 166, 168 

P. crispus Linnaeus 8, 9 

P. pectinatum Linnaeus, 8 

P. perfoliatum Linnaeus, 8 

Pristina sp., Olig., 22 

Procladius sp., Dipt., 151, 154 

P. bellus Loew., 151 

Prorodon, Cil., 22, 24 

Prostoma rubrum (Leidy), Nemert., 22 

Psammorycles barbatus (Grube), Olig., 
22 
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Quercus зрр., Angiosp., pollen, 26, 27, 29, 
30, 165, 168 

О. petraea, pollen (Mattuschka) Liebl., 
27, 29, 30, 165 


Ranunculus, Angiosp., 17 
Ranunculus peltatus Schrank., 8 
Rheorthocladius sp., Dipt., 152, 154 
Rhinoceros тетки Jag., Mam., 28 
Rhopalodia gibba (Ehr.) О. Mull. Diat., 
121 
Rhynchomesostoma 
Turb., 22 
Rotaria sp., 22 
Rotaria neptunia (Ehrb.), Rotat., 22, 24 


rostrata (Müller), 


Salix, Angiosp., pollen, 26, 27, 28, 29, 165, 
168 

Scarinius erythrophthalmus (Linnaeus), 
Pisc., 23 

Schoenoplectus 
Palla, 7, 9 

Scirpus, Angiosp., 17 

Sergentia, Dipt., 153, 155, 167 

S. nr. coracina (Zett.), 157, 160, 165 

5. nr. flavipes (Meig.), 155, 157, 160 

Simocephalus vetulus (О. F. Müller), 
Clad., 22, 23 

Sphaerium lacustre Müller, Moll., 23 

Sphaerocytis, Chlor., 18 

Sphaerophria sp., Suct., 22 

Sphagnum, Bryop., spores, 27, 29, 30, 83, 
100, 150, 164, 165, 166, 168, 169 

Spirostomum sp., Cil., 22, 24 


lacustris (Linnaeus), 
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Spongilla fragilis Leidy, Porif., 146, 148 

S. lacustris (Linnaeus), Porif., 143, 144, 
147, 148, 164, 168, 169 

Squatinella sp., Rotat., 22 

Staurastrum, Chlor., 18 

Stauroneis acuta W. Sm., Diat., 113, 120 

S. anceps var. derasa (Grun.) C1., 120 

S. phoenicenteron (Nitz.) Ehr., 120 

Stenochironomus sp., Dipt., 153, 156 

Stentor sp., Cil., 22, 24 

Stictochironomus, Dipt., 155 

Strandesia vinciguerrae Masi, Ostrac., 23, 
24 

Synchaeta pectinata Ehrb., Rotat., 18, 20 

S ynura uvella Ehrenberg, Chrys., 125, 132 


Tanypus sp., Dipt., 23, 24, 151, 154 

T. stellatus (Coq.), 151 

Tanytarsini sp. 1, 161, 162 

T. sp. 2, 161, 162 

T. sp. 3A, 3B, 161, 162 

T. sp. 4, 161, 162 

T. sp. 5, 161, 162 

Testudinella incisa (Ternetz), Rotat., 20, 
22 

T. patina (Hermann), 20, 22, 23 

Tilia, Angiosp., pollen, 29 

Tinca tinca (Linnaeus), Pisc., 23 

Trachelomonas, Euglen., 131, 139 

Trichocerca sp., Rotat., 19, 20 

T. birostris (Minkiw.), 19, 20 

T. rattus var. carinatus (Ehrb.), 19 

Trichocladius sp., Dipt., 152 

Trichotria pocillum (O. F. Müller), 
Rotat., 22, 24 

Trochospongilla horrida Weltner, Porif., 
146, 147, 148, 169 

Tubifex tubifex (O. F. Müller), Olig., 22 

Typha, Angiosp., 17 

Typha angustifolia Linnaeus, 7, 9 

Typhloplana viridata (Abild.), Turb., 22 


Ulmus, Angiosp., pollen, 29 

Ulothrix, Chlor., 18 

Umbelliferae, Angiosp., pollen, 29 

Unionicola crassipes (O. F. Müller), 
Hydrach., 23, 24 

Uroglena soniaca Conrad, Chrys., 123, 
125, 129, 132, 139 

Urtica, pollen, 31, 97, 100, 167 


Vahlkampfia limax (Duj.), Rhizo., 22 
Volvox, Chlor., 20, 24 

V. aureus, 18 

Vorticella sp., Cil., 22, 24 


cysta biporus Leventhal new provisional name (Chrysomonadina), 140 
Navicula hutchinsonii Patrick n. sp. (Bacillariophyceae), 119 
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